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Foreword
We are very pleased to present this book on bioscience innovation, which originated from 
the Bio-resources Innovations Network for Eastern Africa Development (Bio-Innovate). 
The network was established in 2010 to support multi-disciplinary biosciences and product-
oriented innovation projects in the eastern Africa countries of Burundi, Ethiopia, Kenya, 
Rwanda, Tanzania and Uganda. Between 2010 and 2015, the program was hosted by the 
International Livestock Research Institute (ILRI). The program emphasizes on the use of 
modern biosciences to improve crop productivity and resilience to climate change in small-
scale farming systems, and to increase the efficiency of the agro-processing industry to add 
value to local bio-resources in a sustainable manner.
This book is concerned with the role of governments, research organizations, development 
partners and other actors in realizing the potential of building a ‘knowledge-based bio-
economy’ in eastern Africa. It is generally recognized that the bio-economy—the sustainable 
production and conversion of biomass into a range of food, health, fibre and industrial 
products and energy—can play an important role in stimulating sustainable economic growth 
and in formulating effective responses to pressing global challenges. Biosciences are seen 
as one of the major engines of growth worldwide in fields such as human health, industrial 
processes, environment and agriculture. In Africa there has been very limited progress in 
the application of bioscience innovations, despite rapid recent progress in fields like plant 
biotechnology in parts of the continent. The two on-going key problems are shortages in 
sufficient funding from governments and of skilled expertise. This is exacerbated by the limited 
involvement of the private sector in research and innovation activities and the general lack of 
supportive ecosystems to support innovation processes at country level.
In addressing the above challenges, Bio-Innovate provides product development support 
that enables publically-funded projects to move their respective technologies and products 
further along the innovation value chain with the active involvement of the private sector and 
other delivery agents. Bio-Innovate has demonstrated that innovative regional partnerships 
are workable and can be productive if well managed. In this book we share with you some of 
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the innovations that have been developed, pilot-tested and are ripe for scale-up. These bio-
innovations range from agricultural and value addition to environmental stewardship. Managing 
these kinds of partnerships is not without challenges and this book also touches upon these 
experiences and the lessons learned. Building blocks necessary for bio-innovation to thrive are 
also addressed, with examples from more advanced countries offered.
Bio-Innovate’s objectives and activities align with the evolving Africa-wide agenda for science-
led economic development and Science Technology and Innovation Strategy for Africa 2024 
(STISA) of the African Union (AU) New Partnership for Africa’s Development (NEPAD). 
The African Biosciences Initiative (ABI) that focuses on harnessing biological applications in 
the health, agriculture, and environment and mining sectors led to the establishment of the 
Biosciences eastern and central Africa (BecA) program jointly with the International Livestock 
Research Institute (ILRI) in Nairobi, Kenya. Bio-Innovate was specifically located at ILRI 
because of the complementarity of their respective objectives.
The emerging biosciences innovation hub in Nairobi, of which Bio-Innovate is an integral part 
and which is well networked with partner organizations in East and central Africa, will be of 
great benefit to the region for many decades to come. It will be a driver in realizing the goals 
of STISA.
In closing, we would like to emphasize that Bio-Innovate’s innovation system’s approach in 
developing and delivering bioscience innovations that promote food security, value addition 
and environmental stewardship is a relatively new approach in the region and offers a change 
in the way research and innovation activities are conducted in the public sector. While some 
products and technologies may be commercialized by private sector actors in the near future, 
it is our wish that social investors, including local governments, take an active role in the 
deployment of those innovations or through well-structured public-private sector investments.
Jimmy W Smith, director general, ILRI
Aggrey Ambali, director, science and technology, NEPAD Agency, African Union
Theresa Sengooba, senior advisor to the Program for Biosafety Systems, International Food 
Policy Research Institute, and chairperson of the Bio-Innovate Technical Advisory Committee
 
xii       Fostering a Bio-economy in Eastern Africa
Preface
The United Nations estimates that the population in Africa will increase from approximately 
1.1 billion to 1.6 billion by 2030, and well over 2 billion by 2050, and goes further to state that 
this growth will mostly take place in eastern Africa. Therefore, the region and continent in 
general are, and will remain, under enormous pressure to cater for the needs of this growing 
population, whilst efficiently and sustainably managing bio-resources and the environment. 
In eastern Africa, the need to ensure food security will remain high up on the development 
agenda, and smallholder farmers will continue to be the major producers of food for the 
foreseeable future. Connecting these farmers to markets, value chains and agro-processing 
opportunities within the region and globally is increasingly seen as a powerful avenue for 
improving agricultural productivity and elevating rural livelihoods in the region. Given this fact, 
harnessing the genetic resources, as well as refining and adding value to biological resources, 
is paramount. Eastern African countries must, therefore, develop and strategically invest in 
the agricultural and bioprocessing sector. Some of the proceeds from the recently discovered 
oil and gas deposits in the region would be a good source of investments for research and 
development (R&D) and bio-innovation processes. This route offers good prospects for 
significant and sustained economic growth.
This book makes a strong case for the region to anchor its long-term economic development 
agenda onto bioscience innovations, which will require functional innovation systems. It 
introduces the reader to the concept of knowledge-based bio-economy (KBBE) and explores 
the potential and prospects of a KBBE in eastern Africa. KBBE has been defined as the process 
of transforming life sciences knowledge into new, sustainable, eco-efficient and competitive 
products. However, in this book, KBBE is only discussed insofar as it pertains to agriculture 
and agricultural value chains, as well as agro-processing and environmental protection. The 
book argues that even though the region missed out on the ‘green revolution’, it should not 
miss out on the ‘gene revolution’ made available by modern biosciences in fields like genomics, 
genetic engineering and biotechnology for instance.
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The book highlights the features and enablers of a KBBE and goes on to identify what needs 
to be done to make this possible—particularly by governments, the private sector and 
other actors in the region. The authors draw on lessons from South Africa, which is making 
strides in establishing a bio-economy infrastructure and has been successful in taking some 
bio-innovation products to market. The successes and pitfalls of their nascent journey offer 
useful lessons to the eastern Africa region. The book also discusses experiences from Asia—a 
region that has a fairly similar demographic and economic structure as Africa, but which has 
established numerous bio-enterprises ranging from small cottage industries to multi-national 
bio-enterprises with a global reach. References are also made to bio-economy strategies in the 
more advanced economies of Europe, China and USA.
The region has a competitive advantage with its abundant natural resources, a growing 
human resource base and improving R&D infrastructure, and a private sector ready to 
participate in bioscience innovation if incentivized. However, the region lacks the requisite 
systems and machinery that effectively and efficiently bring these new ideas to the market. 
Commercialization is just one of the avenues through which technologies can be deployed. 
The gap between research and commercialization needs to be bridged as a matter of necessity, 
for instance, by providing incubation facilities that will support the introduction of these new 
technologies to the market—a function that is missing in eastern Africa. The authors highlight 
the essential ingredients of functional innovation systems and requisite innovation processes 
needed for bio-innovation to thrive. Again, drawing on experiences from South Africa and Asia 
we make suggestions on establishing bio-incubators, taking into account the peculiar challenges 
the eastern Africa region faces.
This book is anchored in the activities of the Bio-resources Innovations Network for Eastern 
Africa Development—Bio-Innovate, an initiative that is funding research and innovation 
activities in eastern Africa, supported primarily by the governments of the region and Sweden, 
and with some modest support from the private sector. Bio-Innovate envisions a region in 
which the potential of modern biosciences can be realized by applying bioscience innovations 
adapted to local needs and translating existing bio-resources into wealth in an eco-efficient and 
sustainable manner.
For this to happen the investments, policy and regulatory framework have to be conducive 
with governments playing a leading role, as is argued in this book. Lessons are drawn from 
what the program has learned in the past, and going forward, the role and contribution it 
envisages making, towards fostering a bio-economy in the region.
We posit that it is not just about formulating policy, but the right policy mix that is also 
coherent. We pose a number of questions to policymakers in the region:
•	 How can eastern African countries integrate bioscience innovation into important sectors 
of the economy, such as agriculture and agribusiness?
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•	 How can the region, with all its constraints, best use genetic resources, new technologies 
and market opportunities?
•	 What type of investments and capacity development in science and technology and 
innovation systems need to be made?
•	 How can the region best connect smallholder farmers to markets, value chains and agro-
processing opportunities?
•	 How will the production and natural resource management systems be developed and 
supported further for better efficiencies?
•	 What strategies and polices need to be put in place?
•	 How does the region promote a culture of bio-entrepreneurship and risk taking in the 
scientific community?
•	 What type of incubation, business and financing models are required?
These are questions that need to be addressed if the region is to transform into vibrant bio-
economies; we offer our perspective.
This book is especially useful for actors in the bioscience innovation space in the region, 
including government policy- and decision-makers, the donor community, not-for-profit 
organizations, and private sector, as well as business and social investors, and the scientific 
community. We hope that the discussions in this book stimulate and complement other 
deliberations in national governments and regional bodies on how best to transform eastern 
African countries into vibrant bio-economies.
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Chapter 1  
Introduction: Towards knowledge-
based bio-economies in eastern Africa
Ivar Virgin, Stockholm Environment Institute
Bio-based economic growth in eastern Africa
Science, technology and innovation have a crucial role to play in propelling economic growth, 
alleviating poverty and contributing to the post-2015 agenda and Sustainable Development 
Goals (SDGs) in eastern Africa.
The United Nations estimates that Africa’s population will increase from today’s figure of 
around 1.1 billion, to approximately 1.6 billion people by 2030 and well over 2 billion by 2050. 
Much of this population growth will take place in eastern Africa (United Nations 2014). Thus, 
policymakers in the region are increasingly under pressure to generate economic growth, 
create new jobs and increase agricultural productivity. At the same time, there is an equally 
pressing need to protect the environment and ecosystem services.
Long-term economic prospects for countries in eastern Africa—in this case Burundi, Ethiopia, 
Kenya, Rwanda, Tanzania and Uganda—are tightly bound to their ability to increase their trade 
(domestic, regional and export) and to integrate into the global economy. The future direction 
of the global economy is hard to predict, but it seems likely that it will continue to be shaped 
by the forces of urbanization, globalization and digitalization. Increased trade of bio-resources 
and more cost-effective agricultural and forestry production systems are also likely to be 
an important influence on the future global economy. This includes continued development 
of global value chains for food, feed and a wide range of bio-based products. There will also 
be continued competition between countries and regions to attract investment, jobs and 
knowledge in the development of next-generation bio-resource value chains. The urbanization 
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process will continue; the largest wave of urban growth in history is currently taking place and 
more than half of the world’s population now lives in towns and cities. By 2030, this number 
will increase to almost 60%. Much of this urbanization will unfold in Africa and will be a driver 
for social, economic and environmental transformation (McGranahan and Martine 2014).
For eastern Africa, the need to ensure food security will continue to be high on the 
development agenda. Smallholder farmers will continue to be the major producers of food 
in eastern Africa for the foreseeable future. Connecting these smallholders to markets, value 
chains and agro-processing opportunities is increasingly seen as one of the most important 
tools in elevating agricultural productivity and improving rural livelihoods in the region.
At the same time, the rapid advances of biosciences, including biotechnology and genetic 
engineering, are changing the way agricultural and forestry resources are developed and used. 
Modern biosciences are an increasingly powerful tool for improving agricultural productivity 
and agro-processing and value chains in the region. Adopting the rapid advances in modern 
biosciences to meet local needs and opportunities is also of crucial importance for the region’s 
agricultural sector. In this context, some of the key questions for policymakers in eastern 
Africa are:
•	 How can African countries, with all their constraints, best use their genetic resources, new 
technologies and market opportunities?
•	 What types of investments in science and technology and bioscience innovation, as well 
as natural resource management and production systems, can best connect smallholder 
farmers to markets, value chains and agro-processing opportunities?
•	 How to get there? How should these innovation and production systems be developed 
and supported? What specific investments are needed and how can capacity be built? What 
strategies and polices need to be put in place? What type of innovation, entrepreneurship 
and financing models are needed?
Now is the time for policymakers and stakeholders in eastern Africa to get ready—as 
others have done around the world—to translate the potential of modern biosciences into 
products and technologies adapted to local demand. This involves long-term planning and 
effective prioritization of investment in human capacity, science and technology infrastructure, 
entrepreneurial capacity and innovation structures. This, in turn, requires leadership, 
government commitment, regional collaboration, continued donor investment, public and 
private sector investment and last, but not least, long-term vision and strategies.
In this book, we focus on the countries in eastern Africa (Burundi, Ethiopia, Kenya, Rwanda, 
Tanzania and Uganda) which, to a large extent, base their economies on the export of bio-
based raw materials. There is a reliance on unprocessed agricultural products, such as coffee, 
tea and cotton, which face increased global competition. The countries are, and will continue 
to be in the foreseeable future, agrarian economies with large farming communities. Given 
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the range of production constraints, the region is unlikely to be able to compete on the world 
grain markets. It is also unlikely that these countries will be able to compete, in the short- to 
medium-term, with the rapidly expanding economies in Asia which are increasing investment 
in more complex and advanced areas of manufacturing, such as machinery and electronics, and 
services, such as health and information technology.
The question then is how countries in eastern Africa can respond to the emerging 
opportunities in a global economy? The region is rich in genetic resources and arable land 
and has a great variety of agro-ecological niches with significant biomass production potential. 
Consequently, instead of passively adapting to rapidly changing conditions for bio-based 
production and value chains, eastern Africa countries must, to a larger extent, develop and 
strategically invest in the agricultural and bio-processing sector. This route is still open, 
offering prospects for significant and sustained economic growth. Given this scenario, 
refinement and adding value to biological and genetic resources in the region is attractive. If 
the tools of modern biosciences can be effectively brought to bear on these resources, African 
economies can create, for example, productive, sustainable and high-value food, feed and cash 
crop systems; innovative agro-industrial production platforms for products, such as biofuels, 
green chemicals and novel fibres; and new biological materials with custom-made properties 
which are increasingly in demand in domestic, regional and global markets.
This book explores the potential for, and the roadmap towards, a knowledge-based bio-
economy in eastern Africa. It envisages an economy in which the potential of modern 
biosciences can be realized, using bioscience innovation adapted to local needs and able 
to harness opportunities in the region. The book is also connected to the Bio-resources 
Innovations Network for Eastern Africa Development (Bio-Innovate) program. Bio-Innovate 
is a regional, broad-based biosciences research and innovation initiative established in 2010. 
Bio-Innovate’s goal has been to make smallholder farming and bio-resource management 
more productive and profitable through bioscience innovation. It seeks to link smallholder 
farmers to new market niches characterized by sustainable and resource-efficient value chains. 
The program manages a regional competitive biosciences innovation fund, which has brought 
together key players from the public and private sector to promote bioscience innovation in 
Burundi, Ethiopia, Kenya, Rwanda, Tanzania and Uganda.
Towards a knowledge-based bio-economy
Rapid globalization, the advent of new technologies and trade regimes and growing global 
demand for food, feed, renewable materials and agricultural land, are changing the conditions 
for agriculture, forestry and utilization of genetic resources worldwide. At the same time, 
revolutionary achievements in the field of biosciences are propelling a transition towards 
bio-based alternatives for energy and materials becoming more economically viable and 
mainstream. This has led to the development of the term ‘knowledge-based bio-economies’. 
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The development of bio-economies is increasingly seen as a tool for creating sustainable 
economic growth based on renewable resources. This allows a move away from the fossil fuel 
economy and responds to pressing local and global challenges, including climate change. The 
development of knowledge-based bio-economies is also seen as a way of developing resource-
efficient and productive agricultural systems that are able to adapt to climate change and as a 
tool to revitalize rural communities, by increasing the production base and the opportunities 
for adding value locally. Additionally, it has been argued that knowledge-based bio-economies 
are critical to the development of a more circular economy in which there is recycling of 
energy and material flows.
The concept of the knowledge-based bio-economy was first defined by Enríquez, Cabot 
and Martínez (1998). In Europe, the idea of a bio-based economy has been discussed since 
the late 1990s and was officially introduced in 2005 by the European Commission through a 
document titled ‘En route to the bio-based economy’. Another pioneer in defining the term 
modern bio-economy was Professor Eaglesham who authored a conference paper titled 
‘Linking biotechnology, chemistry and agriculture to create new value chains’ in the World 
Congress on Industrial Biotechnology and Bioprocessing in 2006 (Eaglesham 2006). Since then, 
there have been several important contributions on the bio-economy, including the following 
reports:
•	 The Bioeconomy to 2030—Designing a policy agenda (Organisation for Economic Co-
operation and Development (OECD) 2009)
•	 Innovating for sustainable growth—A bioeconomy for Europe (European Commission 
2012)
•	 The European bioeconomy in 2030—Delivering sustainable growth by addressing the 
Grand Societal Challenges (European Commission 2012).
The central feature of a bio-economy is that scientific research and knowledge can be applied 
to biological resources and agricultural systems not only for the production of food, feed and 
fibre, but also to an increasingly wide range of agro-industrial and value-added products with 
potential applications in many sectors, such as pharmaceuticals, industry, chemicals and energy.
The push towards bio-economies is not an example of sudden hype—the concept has been 
around since ancient times and has developed gradually. Ultimately, a knowledge-based 
bio-economy optimizes the use of bio-resources and biomass. Globally, 13 billion tonnes 
of biomass are available with around 60% used as animal feed, 15% for food and 25% for 
energy or as bio-based industrial feedstock (FAOSTAT 2014). The most important bio-based 
industrial products today are green chemicals, bioplastics and composites, lubricants, paper 
and cellulose, building materials and pharmaceuticals. The most important energy products are 
biogas and biofuels.
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Governments around the world are developing strategies that will allow them to take full 
advantage of bio-economy development. A compilation of some recent national bio-economy 
strategies is shown in Table 1.
Countries Bio-economy-related actions and strategies (a selection)
Austria Bioeconomy background paper (2013)
Australia Bioenergy—Strategic Plan 2012–2015
Brazil Biotechnology Development Policy (2007)
Canada Blueprint beyond Moose and Mountains (2011)
Denmark Agreement on Green Growth (2009)
European 
Commission
A Bioeconomy for Europe (2012)
Finland
Finnish Bioeconomy Strategy—Sustainable Growth from Bioeconomy 
(2014)
Germany
National Research Strategy Bio-economy 2030 (2010)
National Policy Strategy on Bio-economy (2013)
Great Britain UK Bioenergy Strategy (2011)
Ireland Delivering our Green Potential (2012)
Korea Bio-Vision 2016 plan
Malaysia Bioeconomy Transformation Programme (2012)
Netherlands Bio-based Economy 2010–2015
Russia Bioindustry and Bioresources – BioTech 2030 (2012)
South Africa The Bioeconomy Strategy (2013)
Sweden Research and Innovation Strategy for Bio-based Economy (2012)
USA National Bioeconomy Blueprint (2012)
Central components of a knowledge-based bio-
economy
Public research and development (R&D) is an important driver of the bio-economy but to 
a significant extent it is the private sector, especially big life science companies that lead its 
development. However, innovation in biosciences is also often driven by research-oriented 
small-and -medium-sized biotechnology companies. The bio-economy spans many sectors 
and penetrates the entire global economy, in much the same way as information and 
communication technology. Consequently, there are a vast number of interwoven value chains 
which include the conversion of biomass.
To a large extent, the development of modern bio-economies is being driven by the bioscience 
revolution and the need to reduce dependence on fossil fuels and non-renewable resources. 
Table 1. National bioeconomy strategies worldwide
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There are three main sectors in which biosciences play a central role—health, agriculture/
forestry, and bio-based industries.
A large and vital part of modern bio-economies is the development of new drugs, functional 
foods and methods of improving health. Although human and animal health is an important 
component of the bioeconomy around the world, including Africa, this book does not deal 
with bioscience innovation connected to health. Nor does it cover in any detail the use of 
advanced bioscience in forestry and aquaculture, which also is gaining ground particularly in 
OECD countries (OECD 2009).
Instead, this book will focus on the application of biosciences in agriculture, environmental 
protection, agricultural value chains and the agro-processing sector. This reflects the 
importance of these sectors in eastern Africa and the focus on them by Bio-Innovate. It also 
reflects the fact that agricultural productivity, the processing of primary produce into high-
value products and the conversion of agro-waste to useful products, constitutes a vital part of 
the knowledge-based bio-economy.
What should eastern African bio-economies 
respond to?
Interpretations of how to translate and implement bio-economy strategies and bioscience 
R&D agendas vary between countries, stakeholders and actors. In Africa, there is often a 
challenge in arriving at a shared understanding and approach on how to ensure modern 
biosciences and a knowledge-based bio-economy have real societal impacts. This includes 
questions around the challenges a bio-economy should be responding to. Is it about improving 
agricultural productivity and agro-processing, reducing resource demands, environmental 
pressures and adjusting to climate change impacts? Is it about expanding bio-resource value-
addition opportunities and converting waste to useful products such as energy? Is it about 
revitalizing rural communities and improving rural livelihoods? Arguably, the bio-economy 
covers all of these issues. Responses to these questions will impact funding priorities, choices 
of policy instruments and market development. For countries in eastern Africa, it is therefore 
important to develop a common understanding on what knowledge-based bio-economies 
should respond to.
An appealing vision for many eastern Africa countries would be to use their bio-resources 
as a strategic base for sustainable and inclusive economic growth, and development into 
effective and sustainable bio-economies. The aim of such a vision could be, for example, to 
increase rural-urban trade and revitalize rural areas. It could also be aimed at new market-
driven agricultural value chains through which countries in the region could produce their own 
processed food and agro-industrial products. Such developments, coupled with appropriate 
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institutional design, could lead to substantial increases in employment and income for the both 
the rural and urban poor in these countries.
The development of future bio-economies in eastern Africa is complex and challenging and 
requires cross-sectorial action at several levels. A first essential step would be to develop a 
long-term vision on how such bio-economies could be shaped and strategies on how to get 
there. The broad issues above also show that for the bioscience revolution and the agro-
industrial expansion to propel a bio-based economy, international collaboration and strategic 
thinking are required. The expansion of agro-industrial, bio-based production in eastern Africa 
has significant potential to support several critical development goals in the region, including:
•	 Developing new value-addition chains, improving profitability for small-scale farming systems 
and enabling more investment and increasing farm productivity, including of food crops.
•	 Promoting environmental sustainability and addressing climate change. This includes 
converting bio-waste, which is currently polluting ecosystems, to useful products.
•	 Enhancing energy security and bio-based renewable energy alternatives to non-renewable 
resources.
•	 Expanding the agro-industry, which, if well planned, regulated and supported, could improve 
economic competitiveness for many countries in eastern Africa in the long-term.
However, ideally, it is important that, the development of bio-economies should not:
•	 Outcompete the production of staple foods for large parts of the local population and 
undermine the efforts of countries in eastern Africa to become self-reliant in basic and 
essential foodstuffs.
•	 Make small and marginal farmers landless when allowing plantations for agro-industrial 
products.
•	 Undermine the livelihoods of the rural poor.
•	 Lead to loss of biodiversity.
•	 Endanger environmental and health safety.
Getting to knowledge-based bio-economies
Despite the promising outlook, countries in eastern Africa face problems and challenges in 
building a knowledge-based bio-economy. Innovation is a complex process, which is dependent 
on functional policies, institutions, financial and human resources. Encouragingly, countries 
in eastern Africa have started the process of developing a more enabling environment for 
bioscience innovation and the necessary structures and policies are emerging. In this context, 
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it is important to add that there is no single, one-fits-all solution for the development of 
knowledge-based bio-economies. Indeed, there may be a number of possible pathways for 
countries to follow.
The ability to apply modern biosciences is slowly but surely building in the R&D sector in 
eastern Africa. However, scientific and technical knowledge is only one limiting factor for 
adoption and deployment of bioscience innovations—there are also structural and policy 
constraints. Effective and efficient national regulatory systems and incentive systems are 
important for countries to benefit from bioscience innovation and the development of a bio-
economy. Many countries in Africa have put significant effort into developing national science, 
technology and innovation policy frameworks. These policies are, however, often of a general 
character and poorly implemented. Nevertheless, there is increased recognition among 
policymakers in the region that building a more dynamic bio-based sector, creating jobs and 
raising the profitability for farmers and agribusinesses, depends on interventions in many areas. 
These include:
•	 Vision, leadership, strategic planning and concrete priority setting.
•	 Conducive long-term policies, stimulating innovation and creating market demand for a 
greater diversity of bio-based products.
•	 Favourable conditions for entrepreneurial development, both in the private and public 
sectors.
•	 Access to affordable financing, credit and venture capital.
•	 Capability to assess the economic potential of investment in a bio-economy, both at the 
governmental and public institution level, and in the private sector.
•	 Support for innovation structures in the public and the (domestic) commercial sector. This 
includes efforts to increase understanding in public institutions on key aspects regarding 
technology and diffusion and commercialization.
•	 Strengthening the links between research institutions and the market and between public 
and private sector actors.
The public sector has a critical role to play in adopting and disseminating promising bioscience 
innovations to a broad spectrum of agricultural and agro-processing actors and for various 
societal needs. In knowledge-intensive areas such as the biosciences, the existence of a strong 
public sector research base is important for ensuring that promising bioscience technologies 
are made available to a broad set of actors, and that they also address social, environmental 
and other societal issues. University technology transfer activity is increasingly recognized 
by policymakers in a growing number of countries as a powerful driver of innovation and 
economic growth. In eastern Africa, public research organizations and universities are 
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important in adopting and adapting modern biosciences to broader societal needs, including 
those of smallholder farming systems and local agro-processing actors.
Unfortunately, although public R&D is important for inclusive knowledge development, 
innovation and deployment, public research organizations and universities in the region have 
not been effective in moving ideas and technologies beyond research. Consequently, R&D 
investments and promising bioscience research outputs seldom move out of the laboratory 
and into the market.
Therefore, supporting initiatives that effectively link public research organizations, universities 
and market actors will dramatically improve the chances of eastern African farmers, agri-
businesses and agro-processors benefitting from the rapidly advancing field of bioscience. 
Business incubators linking public research organizations, universities and market actors are 
also key to improving the chances of bioscience innovation benefits reaching smallholder 
farmers, resource-poor communities and a broader set of market actors.
The structure of this book
This book builds on the achievements and experiences of Bio-Innovate in moving bioscience 
innovations to the marketplace and discusses the broader topic of bio-economy and its 
prospects in eastern Africa. There are nine chapters of which this introduction is the first. 
Chapter 2, ‘Economic prospects of bio-economy development in eastern Africa’, discusses the 
potential economic impact of a bio-economy in eastern Africa in terms of local economic and 
rural development, the creation of new businesses opportunities and environmental benefits.
Chapter 3, ‘Bio-entrepreneurship in Asia: some learnings to accelerate innovation’, presents 
the trends in global bio-economy development using the impressive progress in Asia as an 
example. The chapter describes the successful development of Asian small-and-medium-sized 
bio-enterprises producing a rich array of various bio-based products at a commercial level. 
Many Asian governments have been active in supporting bioscience R&D, as well their links 
to bio-enterprises. This has been achieved through creating an enabling environment for 
innovation and support systems for incubating and linking actors in the innovation chain.
In Chapter 4, ‘Bioscience innovation systems for an African bio-economy’ using the innovation 
system approach to deliver bioscience applications for societal use is discussed. The authors 
show that despite the many limitations, a number of countries in Africa are turning a corner 
and putting in place reforms and initiatives that will stimulate bioscience innovation.
Chapter 5, ‘Moving bio-innovations to the marketplace: Lessons from the Bio-Innovate 
program’, discusses the role played by Bio-Innovate in the biosciences arena in the region and 
its key achievements and experiences during its five years of implementation.
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Chapter 6, ‘Bio-incubators in South Africa: Lessons for policy and implementation’, charts the 
history of bio-incubator development with particular emphasis on South Africa, and highlights 
lessons learned most relevant to eastern Africa.
Chapter 7, ‘A policy mix for a bio-economy in eastern Africa’, presents the key policy issues 
and challenges for fostering a bio-economy in eastern Africa. The authors look at the policy 
context of a bio-economy in eastern Africa, discuss the policy challenges and propose actions 
that foster a bio-economy in the region using case studies drawn from Bio-Innovate-funded 
projects as examples.
The final chapter, ‘Looking to the future’, summarizes the lessons learned in strengthening 
bioscience innovation systems in the region, particularly those from the Bio-Innovate program. 
The authors describe the elements that need to be the central pillars of future initiatives and 
efforts towards building a knowledge-based bio-economy in eastern Africa.
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Chapter 2 
‘Africa Rising’ to a sustainable future: 
Economic prospects of bio-economy 
development in eastern Africa
John Komen, policy advisor, Komen Bioscience Consultancy, The Netherlands 
Introduction
Sub-Saharan Africa (SSA) faces both long-standing and new challenges as countries embrace 
the post-2015 development agenda laid down in the United Nations SDGs. Longer-term 
strategic questions on how SSA countries could build a solid foundation for sustainable and 
inclusive economic growth, and respond to emerging issues such as climate change, are critical. 
This will require African governments and development partners to consider long-term 
development goals for SSA, which ensure food security, improve livelihoods by diversifying 
economies and increase the competitiveness of African exports in regional and global trade 
over the next two decades.
The growing global demand for food, feed and bio-based renewable materials, such as biofuels, 
is changing the conditions for bio-resource production worldwide. At the same time, modern 
biosciences are providing an increasingly powerful innovation engine at a global scale, for 
sustainable agricultural production, waste treatment, energy production and development of 
a diverse range of novel bio-products. The revolutionary advances in biosciences provide an 
increasingly powerful engine for innovations, which has led to the concept of a ‘bio-economy’.
The bio-economy concept posits that scientific research and knowledge can be applied to 
biological resources and agricultural systems not only to produce food and feed, but also 
to an increasingly-wide range of agro-industrial and value-added products with potential 
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applications in many sectors, including pharmaceuticals, chemicals, materials and energy. 
Some have called this phenomenon a ‘knowledge-based bio-economy’ (KBBE), i.e. the art 
and science of transforming biological resources into new, sustainable, eco-efficient and 
value-added products. In essence, it is the coming together of biology, chemistry, material 
sciences, genomics and information technology to better utilize natural resources in 
agriculture and industry. The development of a KBBE is important for many reasons, including: 
(i) development of resource-efficient and productive agricultural systems able to adapt to 
climate change, (ii) decreased dependence on fossil fuel energy thereby decreasing emission of 
greenhouse gases, (iii) the possibility to revitalize rural communities, increasing the production 
base and the opportunities for local value addition, and (iv) increased possibilities to recycle 
energy and material flows for mitigation of environmental degradation.
Today, more than ever, the global bio-economy is the subject of focused attention from 
policymakers, corporate decision-makers, researchers in the social and biological sciences and 
the general public. With both short- and long-term shifts in the world’s demand and supply 
of agricultural and industrial products, there is growing attention to the actual and potential 
role of bio-based innovations as a means of developing a resource-efficient and productive 
economy. A key question for the countries in eastern Africa is how to best use science, 
technology and innovation to foster growth of a bio-economy able to meet the development 
challenges of the region.
The KBBE: Economic development prospects
The potential of biosciences and the KBBE has been recognized by many OECD countries, 
including the United States (US) and the United Kingdom (UK). In the European Union (EU), 
the KBBE is now a central element in the European Commission’s science and innovation 
policy and research programs, acknowledging that the European bio-economy has an 
approximate market size of over 2 trillion euro, employing more than 22 million people 
(European Commission 2012). Germany, as a leading country in the biosciences, established 
a Bioeconomy Council in 2009, which guides the country’s National Research Strategy–
Bioeconomy 2030.
Most of the existing experiences of, and studies into, the science and implementation of the 
KBBE, however, cover economies with a strong science base, relatively large home markets 
and with explicit government policies fostering the bio-economy, such as Germany. This raises 
the question of whether the concept of the KBBE is relevant to eastern Africa, which, though 
rich in natural resources, is largely characterized by a nascent but relatively small science 
base and small-scale agro-industry. In addition, government policies and support programs to 
promote and guide capacity development and bioscience investments are generally lacking or 
lacking implementation.
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A study by Henry and Trigo (2010), however, clearly points to evidence that the KBBE 
concept and bio-based industries present opportunities for local production at small and 
medium scales and prospects for rural development and income generation. Examples used by 
the authors include:
•	 Low-cost biofuel production using local biomass: In Colombia, ethanol prepared from 
cassava by a pilot plant has the capacity to produce an average of 300 litres of hydrated 
ethanol per day. The pilot plant uses inedible, high-starch cassava varieties, ensuring there 
is no direct trade-off between fuel and food. The stems of sugarcane, sorghum and sweet 
potato or banana waste, can also be used. Cassava biofuel can power vehicles and generate 
electricity, which is often a lifeline for rural communities lacking access to electricity in the 
national grid. Waste products from biofuel production can also be used as fertilizers and 
animal feed.
•	 In Nigeria, cassava is processed on-farm by mobile processing units that are constructed 
in containers for flexible use in regions with a high concentration of cassava production. 
Such units process the cassava into an intermediate product thereby significantly reducing 
perishability, leaving by-products on the farm, reducing transport costs to the factory and 
increasing farmers’ bargaining power with starch factories.
•	 Across Latin America, advances in biosciences are driving initiatives toward 
bioprospecting—targeting local biodiversity—to capture its full potential by means 
of economic and technological interventions. This has resulted in the identification of 
additional promising candidates for biofuel production (e.g. Jatropha and castor bean) and 
the generation of new high-value products for cosmetic, pharmaceutical and industrial 
purposes (e.g. the use of guarana in soft drinks).
Henry and Trigo note that although the relevance to small-scale actors and farmers is evident, 
their role as suppliers of basic raw material needs to evolve by introducing pre-processing 
steps and hence adding value and increasing economic returns at local level. Their conclusions 
are in line with a similar analysis from Asia, presented by Teng in Chapter 3 of this book.
Economic prospects for Africa
Considering the overall statistics, eastern African countries take active part in the ‘Africa 
Rising’ phenomenon—a label used to describe the past decade of relatively rapid economic 
growth. For example although average GDP growth in SSA was 3% in 2015, some eastern 
African countries e.g. Rwanda, Tanzania and Ethiopia registered growth rates exceeding 6.0% 
(World Bank 2016). Africa’s share of global trade has also steadily increased, from USD 277 
billion or 2.3% in 2001, to approximately USD 1 trillion or 4.6% in 2011. Consumer spending 
is increasing in tandem with an expanding middle class. Foreign direct investment has tripled 
over the past decade (Munang and Mgendi 2015). However, these impressive figures can mask 
the fact that around half the population in SSA still lives in extreme poverty (on less than 
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USD 1.25 per day) with limited access to basic requirements such as adequate food, clean 
water, primary healthcare, education and energy. The overriding challenge to governments 
is to harness current overall economic growth and encourage more equitable and inclusive 
development pathways. With its abundance of natural resources, fresh water sources, arable 
land and labour, it is obvious that agricultural productivity, agribusiness and environmental 
management will be key to sustained growth and a better future. This vision is reflected in 
current economic development policies in eastern Africa, which can be summarized as follows 
(Table 2):
Table 2. Key economic indicators and policy objectives for selected countries in eastern Africa
Country Ethiopia Kenya Tanzania Uganda
Economic 
indicators and 
development 
policy objectives
GDPa 9.6% 5.6% 7.1% 5.0%
Share of 
agriculture sector 
in GDP, 2013b
42.3% 29.5% 33.8% 27.0%
Economic 
development policy 
(year)
Growth and 
Transformation 
Plan (2010–
2015)
(i) Kenya Vision 
2030 (2007)
(ii) Second 
Medium-Term 
Plan 2013-2017
(i) National 
Development Vision 
(2000)
(ii) Tanzania Five-Year 
Development Plan 
2012–2016
(i) Uganda Vision 
2040
(ii) Second National 
Development Plan 
2015/16–2019/20
Policy vision Achieve 
Millennium 
Development 
Goals and propel 
Ethiopia into 
middle income 
country status by 
2025
(i) A globally 
competitive 
and prosperous 
nation with a 
high quality of life 
by 2030
(ii) To maintain 
sustained 
economic growth 
of 10% p.a. over 
the next 25 years
By 2025, Tanzania will 
have transformed 
into a middle-income 
country, characterized 
by high-quality 
livelihood; peace, 
stability and unity; 
good governance; a 
well-educated and 
learning society; a 
competitive economy 
capable of producing 
sustainable growth 
and shared benefits; 
and a diversified 
semi-industrialized 
economy with a 
substantial industrial 
sector
Attain middle-
income status by 
2020. This will be 
realized through 
strengthening 
the country’s 
competitiveness 
for sustainable 
wealth creation, 
employment and 
inclusive growth
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Strategic objectives, 
relevant to the bio-
economy
(i) Maintain 
agriculture as 
a major source 
of economic 
growth
Shift to 
production of 
high value crops
Scale up best 
practices 
of model 
smallholder 
farmers
Intensify use and 
management 
of water and 
natural resources
Encourage large-
scale extensive 
commercial 
farming
(ii) Create 
conditions for 
the industry to 
play a key role in 
the economy
Expand cotton, 
sugar and leather 
industry
Raise 
productivity of 
agro-processing 
and beverage 
industry
(i) Increase value 
to agricultural 
production 
through 
processing
(ii) Increase 
smallholder 
specialization in 
the cash crop 
sector
(iii) New 
cultivation of up 
to 1.2 million 
hectares of 
newly-opened 
lands
(i) Transform the 
economy from 
a predominantly 
agricultural one with 
low productivity 
to a diversified and 
semi-industrialized 
economy with a 
modern rural sector 
and high productivity 
in agricultural 
production
(ii) Dynamic 
industrialization 
program focused on 
local resource-based 
industries (agro-
industries)
(i) Improve
agricultural markets
and value addition
for 12 prioritized
commodities
Promote private 
sector investment 
in value addition
Build the capacity 
of farmers, traders 
and processors in 
quality standards 
and market 
requirements
- Promote 
investment 
in storage 
infrastructures to 
reduce post-harvest 
losses
(ii) Increase the 
sustainable use of 
environment and 
natural resources
Notes: a. Figures for 2015 as reported by the World Bank
 b. Definition covers agriculture, forestry, fishing and hunting
Sources:
World Bank report (2016)
Republic of Uganda (2015)
Federal Democratic Republic of Ethiopia (2010)
Government of the Republic of Kenya (2007)
United Republic of Tanzania (2000)
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Accelerated growth of value addition in agriculture and food production will be key to 
attaining these ambitious development objectives, as will be the associated challenges of 
managing and utilizing agro-industrial waste from expanding economic activity. Ethiopia’s 
Growth and Transformation Plan recognizes that if the current high economic performance 
is to be sustained, there must be a doubling of agricultural value added during the current 
planning period. Clearly, the KBBE must be a critical element in African economic 
development policies.
However, while the economic potential and opportunities are evident, few countries in SSA 
have actually developed and adopted bio-economy policies and strategies. The exception 
is South Africa (see Chapter 4), where the government adopted a Bio-economy Strategy 
(DST 2013) to build on the achievements under its predecessor, the National Biotechnology 
Strategy. However, it is acknowledged that biotechnology is not the only element in a 
bio-economy strategy. Developing the bio-economy would require a broader range of 
competencies, including information and communications technology, nanomaterials research 
and manufacture, entrepreneurship, the social sciences and intellectual property management 
(DST 2013). The Bio-economy Strategy emphasizes South Africa’s comparative advantage 
in terms of its unique biological diversity and wealth of indigenous knowledge. These assets 
provide economic opportunities, including raw materials for the natural product sector; 
bioprospecting for the development of pharmaceutical, cosmetic or industrial applications 
from plant, animal and microbial compounds; and the use of indigenous plants and animals as 
food sources. Of the three sectors—agriculture, health, industry/environment—identified as 
crucial elements of South Africa’s bio-economy, it is noted that the agricultural industry has 
the highest economic impact. The strategy identifies a number of R&D interventions in this 
field that will help ensure food security, improve nutrition and create jobs in agriculture and 
in research. It is acknowledged that these interventions should be driven by strategic need as 
well as market demand, and will require strong private sector involvement. They include, for 
example (DST 2013):
•	 Crop/livestock improvement for biotic and physical stresses associated with climate change.
•	 Agro-processing initiatives to reduce post-harvest losses, extend shelf life and improve the 
quality and safety of foods.
•	 Development and adoption of low-cost, low-maintenance energy crops, such as sweet-stem 
sorghum and sugar beet.
Realizing the potential in eastern Africa
Eastern African countries have a similar comparative advantage to South Africa in terms of 
biological resources and indigenous knowledge. The potential has been documented several 
times, for example, in the final impact report covering the BIO-EARN (The Eastern Africa 
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Regional Programme and Research Network for Biotechnology, Biosafety and Biotechnology 
Policy Development) Program, which ran from 1998–2008 (SIDA 2011). The report presents 
a wide range of bioscience innovations under development and diffusion in eastern Africa, and 
points to potential and actual economic and social impacts in the following areas:
a) Increased crop productivity and effective value chains: Improved sorghum lines, selected 
for tolerance to drought and other abiotic stresses, increased yields by around 25% 
compared to the local base variety in Kenya. In Kenya and Uganda, local breweries 
showed strong interest in locally-produced sorghum as a substitute for imported barley. 
Locally-sourced sorghum on average is 10% cheaper compared to barley, and may 
constitute up to 40% of the primary ingredients in beer brewing. In Uganda, for example, 
local sorghum beer is gaining ground and bringing farmers into an agribusiness value 
chain. The benefits from this process should not be underestimated and include, among 
other things, that an assured income and access to credit allows farmers to send their 
children to school, buy more land and oxen for ploughing, eat better, afford improved 
health care, and employ other people to help them with planting (Nile Breweries 2005).
b) Environmental gains and adding value to bio-waste: Biogas technologies, supported as part of 
BIO-EARN and Bio-Innovate to enhance production from fish processing and sisal waste, 
contribute to agro-industrial waste management and reduce the need for firewood—a 
major cause of deforestation—and imported fuel. These technologies were adopted 
in Tanzania, among other countries, by agribusiness companies like Katani Limited. At 
Katani, biogas is produced with waste derived from sisal production. The stored biogas 
is then used to run two 150kW electricity generators, which are used mainly within 
the plant while some of the excess is supplied to the national grid. Excess biogas can 
also be distributed to surrounding communities for cooking and lighting. On a smaller, 
household and/or farm scale, the current and potential benefits of biogas production are 
demonstrated under Kenya’s National Domestic Biogas Programme, as implemented by 
the Kenya National Farmers’ Federation with international donor support.
c) Human health benefits: Constructed wetlands technology for the treatment of 
slaughterhouse and tannery effluents has been tested at the pilot scale in several BIO-
EARN partner countries, and further refined and scaled up with support from Bio-
Innovate. Treatment of wastewater results in much-reduced exposure to chemicals, 
heavy metals and pathogens. In Tanzania, the innovation has been successfully diffused 
for wastewater treatment in schools, colleges, municipalities and prisons for on-site 
wastewater treatment. It was demonstrated that the technology leads to significant cost 
reductions in treating common diseases such as diarrhoea.
Based on the solid foundation established under BIO-EARN and other regional programs, 
projects supported by Bio-Innovate aim at further capitalizing on the actual application of 
bioscience innovations in eastern Africa, and fostering private sector business development 
particularly in the agricultural and environmental sectors. In a number of cases this has 
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resulted in successful public-private partnerships, at pilot scale and commercial scale. Examples 
can be found in Chapter 5 in this book.
Major factors that are currently driving progress in bioscience innovations can be found in: 
(i) the expanded science base for innovation and (ii) increased business interest to invest in 
bioscience enterprise.
Expanded bioscience base
Clearly, science, technology and innovation (STI) form a critical driver of the bio-economy. 
They lay the groundwork for the transition from primary production and the current use of 
renewable resources to more diverse opportunities for food production, industrial processes 
and products, and also for biofuels. Aggregate statistics on Africa’s capacity in STI still show a 
very inconsistent pattern—which is probably due to the fact that reliable data is scant and data 
collection often incomplete. The African Innovation Outlook (2014) by NEPAD reports that 
major issues of concern are that R&D intensity remains very low in many countries; there is 
inadequate information about the role of the business sector; and R&D expenditure may be 
under-reported in many participating countries.
However, the above general findings from NEPAD aside, there are an increasing number of 
examples showing expanded STI capacity in specific clusters in eastern Africa particularly in the 
biosciences field. These include:
•	 At the regional level, the AU-NEPAD, through ABI, set out to establish regional centres of 
excellence in modern bioscience in the early 2000s. The Bioscience eastern and central 
Africa-International Livestock Research Institute (BecA-ILRI) Hub in Nairobi, Kenya, is 
one such centre. BecA provides a central bioscience research platform, research-related 
services and capacity building and training opportunities. It serves 18 countries in eastern 
and central Africa. With financial support from Canada, BecA’s laboratory facilities were 
established in 2003, giving scientists from the region access to state-of-the-art equipment 
and laboratory facilities. The BecA Hub in Nairobi has, over the last decade, evolved to 
become a focal point for international and regional collaboration in plant and animal 
biosciences (Kelemu 2014).
•	 At the national level, as described by Sengooba and Komen (2011), a relevant case is 
presented by Uganda, which is illustrative of other countries in eastern Africa. In Uganda, 
an internationally-supported, integrated program for technology transfer and capacity 
development in agricultural biotechnology and associated policy development has 
been implemented over the last decade. This is spearheaded by national research and 
policymaking organizations and financially supported by the government of Uganda and 
multilateral and bilateral donor agencies. Uganda is now regarded as a regional hub for 
agricultural biotechnology innovations and is connected with a range of international 
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projects and programs aimed at developing relevant agricultural innovations. This includes, 
among others, the development of genetically modified cassava with virus resistance, 
nutritionally-enhanced and disease-resistant banana, and drought-tolerant maize.
Increased business interest
Advances in bioscience R&D and applications have spurred interest for private sector 
investment in bioscience innovations. This is evident from case studies presented in Chapter 5 
in this book. Additional examples include:
•	 Early successes in applying tissue culture techniques in cut flower production across 
eastern Africa stimulated their application in food crops such as banana. A Tissue Culture 
Business Network (TCBN), supported by Agro-Technologies Ltd (Uganda), currently 
operates in east and central Africa to facilitate the transfer of banana tissue culture to 
smallholder farmers, and to develop a tissue culture certification system. TCBN has enabled 
more than 200 farmers to have access to banana plantlets free from pests and diseases, 
which may increase their production from the current 5 tonne/ha to potential production 
of 60 tonne/ha (ASARECA 2013).
•	 Also driven by the cut flower industry, and intensive horticulture production, the 
application of bio-pesticides is expanding in Kenya. The country has around 26 registered 
companies with bio-pesticide products on the local market (Kimani 2014). This growth is 
expected to continue with increasingly stringent regulations for synthetic pesticide residue 
levels in high-value horticultural exports.
•	 An interesting model to actively involve the private sector in bioscience innovations is 
presented by the Water Efficient Maize for Africa (WEMA) project managed by the African 
Agricultural Technology Foundation (AATF).  AATF has partnered with private sector 
technology providers to develop drought-tolerant maize hybrids. These hybrids are, in turn, 
sub-licensed to local seed companies in eastern Africa which take responsibility for seed 
production, certification and marketing. Initial plantings of WEMA’s hybrid seeds in Kenya 
resulted in substantially higher maize production compared with other local commercial 
seed varieties. Among 39 sites initially surveyed by AATF, there was an average harvest of 
4.5 tonne/ha, more than double the national average of 1.8 tonne/ha in Kenya (AATF 2014).
In summary, modern biosciences are key to transforming eastern African economies, particularly 
in the agro-processing sector, in such a way that they effectively add value to primary production. 
Biosciences can also be used to convert waste to valuable products in an environmentally friendly 
manner. A more effective and environmentally friendly, resource efficient agro-processing sector 
will be a central component in improving agricultural productivity, creating new jobs and raising 
profitability for farmers and agribusinesses in the region.
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Concluding remarks
Internationally, the community of states undertook an obligation at the United Nations 
sustainable development conference, in Rio de Janeiro in June 2012, to implement the ‘green 
economy’ as an important instrument in sustainable development. The bio-economy would be 
a central element in this. While the international policy debate on the green economy, the bio-
economy, and concepts such as the KBBE are attracting attention from policymakers across 
Africa, there is still a long way to go for eastern African economies. The viewpoints and actual 
cases presented in the preceding sections point to the urgent need to fully capture the benefits 
from the KBBE in eastern Africa. While the critical role of science-led rural and economic 
development is emphasized in all government development plans, these are often not matched 
with active government support programs or enabling policies to attract private sector 
investment. Recommended policy actions will be dealt with elsewhere in this book, which will 
serve as an agenda for change over the coming decades.
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Chapter 3 
Bio-entrepreneurship in Asia: Some 
learnings to accelerate innovation
Paul PS Teng, Nanyang Technological University, Singapore
Introduction
The use of biological knowledge and products of biological origin to serve human needs is 
not new. Neither are the enterprises associated with exploiting that knowledge and those 
products. Although human society has tapped biology for millennia to produce food, feed, 
beverages and fibre; the advent of modern technologies and new bioscience knowledge has 
vastly expanded the applications of biology (Teng 2008). Our early ancestors domesticated 
plants and animals and with the selective breeding of preferred species, these formed the 
foundation for many of today’s plant and animal varieties. Most of these, however, are now 
vastly different from their original parents—few of today’s food plants are unimproved or 
harvested from the wild.
The geographic focus of this chapter is Asia, a continent where bio-enterprises have 
existed for centuries. The Asian region is also home to countries which, in recent times, 
have experienced some of the fastest economic growth in the world. With this has come a 
concomitant increase in demand for food, feed, fibre and fuel and the growth of enterprises to 
meet this demand.
At the outset, it is noted that there is no single model for entrepreneurship in Asia (Dana 
2007) as this diverse region has spawned many kinds of enterprises and entrepreneurs. Bio-
enterprises in Asia range in scale from those run by individuals, such as small-scale farmers, 
to medium-sized operations and large companies. Each varies in its demand for resources and 
technology and each requires different levels of infrastructural and financial support. Common 
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bio-enterprises include those associated with products of value, such as mushrooms and raw 
food commodities, inputs for agriculture, including seed and fertilizers, crop protection and 
other applications. About 80% of the food in the developing world is estimated to be supplied 
through production by the 2.5 billion people who manage 500 million smallholder farm 
households (IFAD 2013). There are countless others who are involved in enterprises linked 
to some part of the agri-food supply chain and collectively, they not only help to ensure an 
adequate supply of food to the general population, but also provide a livelihood which enables 
their practitioners to move beyond the subsistence level. Farming-related entrepreneurship 
has become an important activity for lifting the poor out of their status at the ‘bottom of the 
pyramid’ (Prahalad 2006). Many governments in Asia have recognized that bio-enterprises hold 
promise not just to improve food and feed security, but also to create employment, sustain 
livelihoods and reduce poverty among smallholders.
This chapter describes the main groups of bio-enterprises from various branches of the 
biosciences, gives an overview of how value has been created from biology and finishes with a 
discussion on the success enablers of bio-enterprises and the outlook for the future.
The scope of bio-enterprises
Bioscience includes all the sciences devoted to an understanding of life, while a bio-enterprise 
(or bioscience enterprise) is commercial activity which involves the application of biology and 
the understanding of life processes, and creates economic value for its owner. This includes 
many activities in agriculture, food processing and environmental areas and in recent times, the 
biomedical industry (Teng 2008).
Bio-enterprises have traditionally been tightly linked to agriculture, especially crops and 
animals. Traditional bio-farming, or the growing of crops such as rice and wheat to meet basic 
needs, gave way to rubber and palm oil plantations such as those in Malaysia and Indonesia, 
to produce value-added hydrocarbon products to meet the needs of a changing world. The 
plantations were early examples of the use of mass production techniques which treated plants 
as bio-factories to produce rubber and palm oil. Bio-farming has evolved into biopharming, and 
branched further into biofuels, bioplastics, bio-fertilizers, bio-pesticides and bio-remediation. 
Collectively, these constitute the ‘new agriculture’, with significant opportunities for value 
creation (Teng 2007a).
Bio-enterprises include activities dealing with the production of primary products, such as 
rice or corn, or secondary products, such as rice bran oil or corn oil, or the inputs associated 
with their production, such as bio-fertilizers and bio-pesticides. Substantial value can be added 
through secondary processing of bio-products, such as rice bran, from which rice bran oil 
is extracted, or the use of bio-products, such as corn starch for ethanol biofuel production. 
In the early twenty-first century, the bio-enterprise sector in Asia grew at an estimated rate 
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of over 10% per year (Shahi 2004). While more recent estimates for Asia are not available, 
data from the US shows that the bioscience sector there grew 17% between 2007 and 
2014 and created a significant number of new jobs during a period of economic uncertainty 
(Biotechnology Industry Organization 2014). Within the Asia-Pacific region alone, the number 
of companies which classified themselves in the biotechnology sector increased from 1200 to 
over 2500 from 2001 to 2004 (Teng 2007a). However, most Asian countries tend to include 
both traditional biotechnology (e.g. tissue culture, bio-fermentation for food production) 
and modern biotechnology (e.g. drug production using genetically modified microorganisms), 
making it difficult to separate out the relative contributions of individual enterprises to the 
national economy.
Selected Asian bio-enterprises
Bio-enterprises based on primary (traditional) products
Agri-food commodity enterprises
Asia is an important producer of some of the world’s major bio-commodities, such as 
rice, corn (maize), cashew nuts, rubber, palm oil and cacao. Asia is also the world’s largest 
producer of natural timber and aquacultured fish (FAO 2013). While the commodities remain 
important as food sources for humans and animals, there is also increasing pressure on those 
with potential for secondary exploitation, such as conversion into higher valued biofuel or 
pharmaceuticals.
Asia is self-sufficient in some food commodities including rice, palm oil and fish, but is a large 
importer of corn, wheat, potatoes, soybean and various meats (Teng 2008). There are marked 
differences between Asian sub-regions in their agri-food production capacity. Table 3 shows 
the world rankings in production capacity of some important items for the 10 members of 
the Association of Southeast Asian Nations (ASEAN). Indonesia, Malaysia, Myanmar, Thailand, 
the Philippines and Vietnam rank among the world’s top three agricultural exporters of palm 
oil, cloves, cinnamon, coconuts, rice, shrimp, rubber, pineapple, eggs, cashew pepper, coffee, 
pigeon peas, cowpeas and sesame. With the exception of palm oil and rubber, most agriculture 
in the ASEAN region is similar to the rest of Asia in that smallholder farm enterprises are 
responsible for up to 90% of the production.
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Table 3. ASEAN countries as global agri-food players
Country Major agricultural commodities produced World ranking (2011)
Brunei rice, vegetables, fruits, chickens, eggs
Burma rice, vegetables, beans, fruits, groundnuts, sugarcane 2–pigeon peas, beans;  
3–mustard seed;
Cambodia rice, cassava, maize, vegetables, sugar cane
Indonesia rice, cassava (tapioca), sugar cane, palm oil, maize, 
coconuts, bananas, fruits, rubber
1–palm oil, cloves, 
cinnamon, coconuts;
2–rubber, nutmeg;
3–rice, coffee, cassava;
Laos rice, vegetables, sugar cane, maize, cassava, sweet 
potatoes
Malaysia palm oil, rice, chicken meat, rubber, sugar cane, 
coconuts
2–palm oil;
3–rubber;
Philippines sugarcane, rice, coconuts, bananas, maize, vegetables, 
fruits
2–coconuts, pineapple;
3–bananas;
Singapore eggs, vegetables, fish
Thailand sugar cane, rice, cassava, maize, rubber, fruits, eggs, 
chicken, meat
1–rubber, pineapple;
2–eggs;
3–palm oil;
Vietnam rice, sugar cane, cassava, vegetables, maize, pig meat, 
fruits
1–cashew, pepper;
2–coffee;
3–cinnamon.
The importance of small farms as bio-enterprises is recognized in Asia with almost all 
Asian countries having agricultural extension systems which act as the technology transfer 
mechanism and in some cases also provide subsidies for inputs and crop management advice. 
In Asia, the private sector plays an important role in supplying improved seed and other 
agricultural inputs to small farmers. These entities often have greater reach than the public 
sector extension service. Primary agri-food commodities have been the source of many 
innovative small enterprises for a wide range of products, from dried pineapple chips to 
shrimp crackers, all of which help build active rural communities. This is exemplified by one 
Southeast Asian country, the Philippines, which has an active rural sector of relatively well 
educated small farmers and business people who are culturally linked through extensive family 
and commercial networks. These resemble the ‘guangxi’ networks in Chinese communities 
(Dana 2007), referred to in a later section in this chapter. Books like those of Yap (2010) give 
many examples of bio-enterprises in the agricultural sector in the Philippines which build on 
these strengths in Filipino society.
28       Fostering a Bio-economy in Eastern Africa
Case study: Mushroom cultivation enterprises
Mushroom cultivation is an important bio-enterprise in those Asian villages which have plenty of the 
raw biomass material on which mushrooms grow, such as rice straw, banana stems and sawdust. 
In Southeast Asian countries, like Cambodia and Thailand, mushroom enterprises have been 
successfully developed by non-governmental organizations (NGOs) as socially responsible livelihood 
projects involving rural youth. There has been a focus on the more technical aspects of spawn 
production (Teng 2008). Three common mushroom species, which are relatively easy to grow under 
lowland, tropical to sub-tropical conditions, are the paddy straw mushroom (Volvariella), the oyster 
mushroom (Pleurotus) and wood ear (Auricularia).
Mushroom culture techniques share many common features irrespective of the type or species 
of mushroom propagated. Hygiene and good starting stock cultures (spawn) are central to 
healthy growth. Mushrooms are usually cultivated in trays, shelves or bags and can grow in many 
mediums, from uncomposted rice straw to sawdust supplemented with nutrients. Special compost 
is often made using industry waste such as oil palm fruit fibre, corncobs, banana leaves/stems and 
animal manure mixed with other material. Composting transforms these products into a suitable 
nutritional substrate for mushrooms.
Spawn contains mushroom spores with a mixture of other materials, which promote growth. 
Spawn can be produced using an original starter culture, something which has been achieved 
in small village conditions in developing countries. Many small entrepreneurs in Southeast Asia 
multiply spawn of the paddy straw and oyster mushrooms for local producers (for examples, see 
Teng 2008). In the tropics, mushrooms are grown in facilities ranging from modern, environment-
controlled buildings, to corners of houses in small villages. Adding value to fresh mushrooms usually 
means developing a processed product, such as a sauce, or drying surplus mushrooms, particularly 
shiitake mushrooms, for sale during off season when prices are higher.
Almost every Asian country has mushroom enterprises. China, the world’s largest mushroom 
producer, has innumerable companies supplying both local and export markets. Indonesia, Malaysia, 
the Philippines and Thailand have active home-grown mushroom industries supplying the fresh 
produce market. The continuing prospects for mushroom cultivation as a bio-enterprise are 
excellent (Teng 2008) for a number of reasons:
1. Mushrooms can convert waste materials into human food—they grow on all types of waste and 
degrade them by secreting enzyme complexes.
2. Mushrooms are relatively fast growing organisms—some tropical mushrooms can be harvested 
and consumed 10 days after spawning. By using different varieties, mushrooms can be produced 
all year round.
3. Mushroom cultivation is labour intensive and can provide jobs for many in tropical countries.
4. Unlike many other crops, mushroom cultivation requires little land so is suitable for places 
where land is scarce and/or expensive.
5.      Mushrooms have long been accepted as human food and a source of immediate additional protein.
6.      Once they are grown widely enough, mushrooms have the potential to become as cheaply available 
as other common vegetables.
7.       Mushrooms are one of the great relatively untapped sources of nutritious and palatable food for 
the future.
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Secondary bio-enterprises
Enterprises based on extraction from primary produce
Countries like the Philippines and Vietnam have identified niche areas to concentrate on, such 
as the production of natural food colouring or additives by extracting valuable substances from 
plant material. Examples from the Philippines are papain extraction from papaya and a red 
dye from seeds of the annatto (Bixa orellana) plant, both of which grow readily in the tropics 
and subtropics. Papain is a proteolytic enzyme extracted mainly from the sap of young papaya 
fruits and is in huge demand as a natural meat tenderizer and an additive in the brewing and 
tanning industries. The red dye from annatto is preferred as a natural colouring for many 
food products. While the export of these is not under the domain of large companies, local 
governments in countries like India and the Philippines promote the development of these 
bio-business activities due to continuing demand from Europe and North America. Successful 
production requires some technical knowledge of material processing, marketing know-how 
and financial investment from either the private or public sectors.
Rice is a major crop in several Asian countries and enterprises revolve around different 
parts of the rice plant (Table 4). In the Philippines and Thailand, a secondary bio-enterprise 
in villages is making rice paper from rice straw and marketing it as a speciality product 
for birthday cards and other high-end uses. The International Rice Research Institute has 
developed technology for making fuel briquettes out of rice straw. As Table 4 shows, the value 
created increases from primary to secondary to third stage processing, especially when useful 
phytochemicals are being extracted. However, the level of investment required also increases 
at a corresponding rate.
Table 4. Rice and its extended value products
Rice plant part 1–stage product 
(primary)
2–stage product 
(secondary)
3–stage product
Panicle (grains) Milled rice
brown rice
hull (husks)
embryo and/or 
endosperm
Human food staple, flour
Human food staple
fuel, briquettes
bran, bran oil
Alcoholic drinks, etc.
noodles, etc.
silica-based products
Tocotrienols, vitamin E, 
antioxidants
Leaves Straw 
Phytochemicals
Fuel, paper, medium for 
growing mushrooms, 
purified compounds
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Bio-fertilizer enterprises
Fertilizers provide plants with the macro-nutrients for growth and development. In the 
modern era, high crop yields have been achieved because proper levels of fertilizer application 
have allowed the genetic potential of seeds to be expressed. Most of the fertilizer used today 
is made from petroleum-based products (i.e. synthetic fertilizers) although some are organic. 
The high cost of synthetic fertilizers, coupled with concerns on sustainability, has led to a 
search for alternatives. Bio-fertilizers are organisms that enrich the quality of the soil through 
their natural processes and are commonly bacteria, fungi and cyanobacteria (blue-green 
algae). Some of the more common types of bio-fertilizers include mycorrhizae, rhizobia and 
cyanophyceae (Teng 2007b).
Many small to medium bio-fertilizer enterprises are active in Asia, especially in China, 
India, Taiwan and Thailand. Among the myriad of bio-fertilizers available today, the use of 
mycorrhizal fungi to enhance plant health has been one of the most widespread. The Biotech 
Consortium India Ltd. has been one of the main producers of blue-green algae (BGA) bio-
fertilizer in Asia. The BGA bio-fertilizer sold is a mix of different strains of BGA and carrier 
(cattle feed pulverized wheat straw). Elsewhere in Asia, fungi-based concoctions are commonly 
sold to augment synthetic fertilizers and have proven effective in maintaining high crop yields, 
while reducing the overall cost of fertilizer per unit area (Teng 2007b; 2008). Several countries 
have, for environmental health reasons, launched campaigns to promote increased use of 
bio-fertilizers for food and plantation commercial crops (e.g. palm oil in Malaysia), in order to 
reduce dependency on synthetic, often imported fertilizers. While still small, the bio-fertilizer 
market is primed to grow in concert with increased demand for organic food, which is 
grown without the use of synthetic chemicals including fertilizers. In Taiwan, the bio-fertilizer 
subsector was valued at USD 4.2 million in 2003 (Teng 2007b).
Bio-pesticide enterprises
Pests cause an estimated 20–30% loss in production per crop harvest. As a result, a 
multibillion-dollar global synthetic pesticide market has developed. Almost every modern crop 
is produced using one or more pesticides and there has been considerable R&D investment 
to produce new plant varieties, which can naturally resist pests and diseases. Most of the 
pesticides in current use are synthetic petrochemicals and their cost to growers has risen 
as oil prices have increased. Pesticides are regulated by governments but there is misuse 
which has had negative effects on human health and also on ecosystems. Bio-pesticides 
are considered a safe alternative and preferred in the growing of organic food. In Asia, 
vegetable growers have used commercial packages containing spores of the bacterium Bacillus 
thurengiensis to control vegetable pests such as the diamond back moth, which is prevalent in 
all tropical Asian vegetable growing areas. A common soil fungus, Trichoderma viride, has been 
extracted and marketed in several countries (Malaysia, Taiwan and Thailand) to control root 
diseases of chili, eggplant and even tree crops like rubber (Teng 2008).
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Bio-pesticides received increased global attention from the late nineteenth and early twentieth 
centuries and there has been renewed attention in the twenty-first century due to social 
issues surrounding their usage, notably market globalization and sustainable development. Even 
before their commercialization, bio-pesticides were prevalent in nature, with more than 2000 
plant species with insecticidal properties having been characterized (Teng 2008).
The first generation of bio-pesticides resulted from the use of readily available products such 
as arsenic and its derivatives, animal oils and compounds from traditionally used plants. In the 
nineteenth century, a few compounds of plant origin were identified and used as repellents or 
toxins, including alkaloids extracted from tobacco, nicotine and its isomer anabasine, isolated 
from a plant growing in the Russian steppes and high plateau of North Africa; and families of 
compounds represented by rotenone, rotenoids and pyrethrins. There are certain criteria 
for the selection of bio-pesticides for commercial use, including their activity, specificity, 
low mammalian toxicity, environmental acceptability and safety with regards to non-target 
organisms. In Asia, among botanicals, pyrethrum enjoys a dominant place, constituting an 
estimated 75–80% of the total market. Neem insecticides are expected to challenge pyrethrum 
in the market and are particularly common in India (Teng 2007a).
Bio-fermentation enterprises
Bio-fermentation is a process for producing food and organic products through fermentation 
by organisms like yeast, fungi and algae in facilities ranging from backyard fermentors to 
large-scale bioreactors (Teng 2008). Familiar products made through the process of bio-
fermentation include natto and tempe from soybean, items which have become part of the 
food culture in Japan and Indonesia respectively. These foods originated from the use of 
fermentation to prolong the shelf life of edible soybean. Likewise, vinegar and soybean sauce 
(a popular food seasoning in Asia) are produced through fermentation. The process of bio-
fermentation involves selection of a suitable microbial culture that has the metabolic potential 
to produce the desired end product. Producing products by bio-fermentation is seen as 
advantageous because fermentation uses renewable feedstock instead of petrochemicals. Also, 
the by-products of fermentation are usually environmentally benign compared to the organic 
chemicals and reaction by-products produced by chemical manufacturing. Often the cell mass 
and other major by-products are highly nutritious and can be used in animal feed.
There is renewed interest in bioreactor technology for growing single-celled organisms such 
as algae, which are capable of producing high yields of biodiesel. Algae are potentially the most 
efficient crop to grow for biodiesel as algal cells have high growth rates and may have more 
than 50% oil content formed when they convert carbon dioxide from the air and sunlight 
into energy. Studies suggest that algae are capable of yielding 30 times more oil per ha than 
the crops currently used in biodiesel production. Algae can create up to 32,000 litres of oil 
per ha per year, far in excess of palm oil which is currently considered one of the best crops 
for biodiesel production. The R&D to identify or selectively improve algal strains is in its 
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early days. If the magnitude in yield which has been gained from improving higher plants and 
microbes is any indication, then there is very high potential for significant improvement in oil 
yield of algal cells (Teng 2007a).
Modern bio-enterprises
The modern bio-enterprises covered in this chapter require higher levels of financing and 
technological knowledge, the latter backed by modern science. Included in this category are 
improved seeds, tissue culture and biotechnology seeds.
Enterprises in improved high quality seeds, including hybrids
Seed for planting includes all plant material that can be used to grow new plants, from real 
seeds to plant suckers to cloned plantlets produced from tissue culture. The global seed 
market is valued at over USD 30 billion per year, dominated by around 10 multinationals and 
innumerable small- to medium-sized companies in countries such as China, India, Indonesia, 
Korea, Taiwan, Thailand and the Philippines. The Asian seed market is estimated to be about 
a third of the total global market. Value is captured in the seed industry through intellectual 
property ownership of plant varieties protected by law, but also through offering value to 
growers who purchase the seed material. Improved seeds are both conventional inbred (or 
open pollinated) and hybrid.
Hybridization as a bioscience technical process is well studied but its use in enterprises only 
started in the 1920s with corn in the USA. This led to the founding of one of today’s largest 
seed companies—Pioneer Hi-Bred (Teng 2008). Hybrids offer a scientific means to preserve 
value as such seeds commonly lose their hybrid vigour (which confers 10–15% yield advantage 
over non-hybrids) if they are reused for subsequent planting. In Asia, the best example of 
hybrid seed use is that of hybrid rice in China, where it has been credited with playing a 
significant role in meeting the country’s need for rice and now comprises over 90% of the 
rice seed used (Global Rice Science Partnership 2013). However, crops like cassava and sweet 
potato remain largely unimproved. With hybrids, there is a continual battle to uplift the traits 
which add to yield, such as pest resistance, and this is an area in which science can create value 
through new discoveries.
Enterprises based on tissue culture
Tissue culture refers to a set of techniques and scientific knowledge which enable the growth 
of cells into tissues and whole organisms under artificial conditions. Tissue culture was one of 
the earliest applications of modern bioscience to develop into a multimillion-dollar business 
focused on producing genetically identical seed material with the desired characteristics, 
such as high yield, good eating quality or resistance to pests and diseases. The technique was 
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also one of the earliest commonly included in biotechnology to create value for investors. 
However, even on its own, it has led to applications that are just as important as those of 
genetic engineering, for example, the selection and subsequent mass propagation of plant 
varieties showing resistance to specific diseases. Indeed, most of the large plantations of 
rubber and palm oil in Southeast Asia have their origins in tissue cultured clones (Teng 
2007b). Similarly, many governments have developed or subcontracted with small companies, 
to produce tissue-cultured clonal planting material of bananas for smallholders in order to 
increase productivity and resistance to diseases.
The varieties of plants propagated by tissue culture in Asia and around the world are 
numerous and include herbaceous ornamentals, ferns, orchids, roots, tubers, tree species, 
tropical and subtropical crops. There are many benefits of propagating plants using tissue 
culture in addition to the uniformity in the plants and their rapid multiplication. One is that 
plants grown in tissue culture are often disease and virus free. There is also economic value 
because tissue-cultured plants can be exported in small lightweight containers. As plants are 
free of soil, disease quarantine problems are minimized. All of this facilitates the export and 
import of tissue culture products. Tissue culture is a multimillion-dollar business in several 
Asian countries including Australia, China, Singapore, Taiwan and Thailand. Taiwan alone has 
exported over USD 10 million of tissue-cultured orchids yearly between 2003 and 2007 (Teng 
2007b). Several tissue culture companies are now publicly listed and investors appear to be 
recognizing the inherent value in this subsector. With the ongoing interest in biofuel, tissue 
culture is likely to be used to provide clonal seed material needed for the large plantings of 
species like Jatropha planned in several countries.
Biotech seeds
Around two decades ago, a significant new phenomenon emerged on the agriculture scene, 
that of biotech seeds (also known as genetically modified seeds). These seeds have new traits, 
introduced using new tools of biotechnology such as ‘gene-splicing’. Despite controversy 
over the use of such techniques, the uptake of biotech seeds has been remarkable and many 
independent academic studies have shown their value to poor farmers and commercial 
growers alike, as well as attesting to their biosafety and food/feed safety. An international 
non-profit organization based at Cornell University in the USA, the International Service 
for the Acquisition of Agribiotech Applications (ISAAA), has documented this remarkable 
phenomenon (James 2013).
Globally, there are now over 175 million ha planted in biotech seeds, with double-digit 
percentage increases most years since the first commercial planting in 1996. This has been 
achieved using four major crops—corn, cotton, soybean and canola—planted in 27 countries 
by over 18 million farmers (James 2014). As a bio-enterprise, biotech seeds have created much 
wealth for many companies and individuals. The global biotech seed market was valued at 
around USD 16 billion in 2014 (James 2014). However, the potential is yet to be fully realized 
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as corn, soybean, cotton and canola make up almost all the biotech seeds sold to farmers. 
While no figures are available on the value of biotech seeds sold in Asia, only cotton and corn 
are available there as biotech seeds (James 2014).
Many private and government-funded institutions are actively researching applications of 
biotech for plants, creating new plant varieties with traits ranging from agronomic (insect and 
disease resistance, herbicide tolerance, and tolerance to drought, cold and submergence) to 
crop quality (extended shelf life, increased levels of micronutrients and vitamins, and taste) to 
novel products (nutraceuticals, therapeutics and vaccines).
Various estimates put the untapped potential in the billions (of USD) in terms of new value 
for those who can create new plant varieties with desirable traits. The countries and their 
institutions which exercise most innovation are those most likely to reap the benefits.
The value proposition in bio-enterprises: 
Innovation in the value chain and success 
enablers
Successful enterprises all show a clear value proposition. Implicitly, such enterprises promise 
value and to meet a need on the part of some sector of society. A value proposition may be 
distinguished for each successful bio-enterprise known in Asia, whether it is a product or a 
service arising from biology (Teng 2007a).
Innovation in the value chain
Commonly, a value chain starts with a creative idea, which is developed into a product 
or service, which when adopted in the marketplace becomes an innovation (Teng 2008). 
Innovation is a process of turning opportunity into new ideas and putting these into widely 
used practice (Tidd and Bessant 2011). Innovation is more than an invention or a discovery, 
both of which result from creativity. A creative idea or a novel product is not an innovation 
until it has been widely accepted. This definition also suggests that innovation requires a 
systematic process which includes developing the idea or product into a form that is desired 
by the consumer. It must also secure the necessary regulatory approval. This is especially the 
case with biological products like seeds or microbes, some of which may have effects (positive 
or negative) on their surrounding environment and on consumers.
Enterprises create value from innovation. A value chain also has to take into consideration the 
elements of value creation, value addition, value capture and value preservation. Without value 
creation, it is unlikely that the product or service provided by the bio-enterprise will survive. 
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The many small bio-enterprises in Asia show a common theme, which is that they offer value 
to their consumers, be it a special kind of cheese or fruit, or a technique to preserve food.
Value addition is when bio-enterprises can take an existing product or service and modify it 
to create new value for the customer. An example is drying mushrooms so they have a longer 
shelf life. Value capture and value preservation are concepts particularly relevant to modern 
bio-enterprises, where the entrepreneur attempts to assure that the value in the product 
is not easily lost. One example with hybrid seeds is loss of seed vigour if new seeds are not 
purchased from the hybrid developer. Value preservation is where an innovation is prevented 
from being duplicated for sale and there is protection of the intellectual property. Modern 
bio-enterprises based on science and creativity commonly bridge a value chain comprising 
value creation (or addition), value capture (or preservation) and market share. This value chain 
further mirrors the ‘lab to consumer’ pathway which is a goal for agricultural research in most 
developing countries.
Success enablers of bio-entrepreneurship
The type and scope of bio-enterprises in Asia reflects the region’s diverse mix of countries 
at varying levels of economic development. However, in almost every country in Asia 
that has espoused an intention to harness modern bioscience for economic development, 
government support through relevant policies, financing and infrastructure development 
has been forthcoming (Teng 2007a). More than anything else though, one feature of Asian 
entrepreneurship that stands out is the existence of culturally-mediated networks, as 
exemplified by the Chinese networks based on guanxi (Dana 2007). Guanxi, an integral part of 
the Chinese business world, is an informal network built on extended personal relationships, 
which support business and non-business activities. It has also become part of the East Asian 
commercial repertoire. For small entrepreneurs, including bio-entrepreneurs, such guanxi 
networks have been important enablers to launch and support activities, both in the absence 
of formal government or private sector support and even when the latter exist.
Institutional support in the form of policy and infrastructure, and human resource 
development, is important in determining the success of bio-enterprises in most Asian 
countries. Many of the bio-enterprises described in the previous sections would not have 
been started, nor would have blossomed, without a facilitating environment. Success enablers 
range from government subsidies to the development of science and technology parks. As new 
applications of the biosciences, such as biotechnology, have matured, new industrial sectors 
have also been created, especially in the more developed Asian countries. A relevant case 
in point is the government-supported Malaysia Biotechnology Corporation (BioTechCorp), 
which since 2005 has facilitated 225 start-ups in the bioscience area (BioTechCorp 2015). 
These companies receive continuous support and assistance from BiotechCorp on intellectual 
property issues and regulatory services and employment related matters. BiotechCorp also 
36       Fostering a Bio-economy in Eastern Africa
provides a wide range of capacity building programs covering a variety of subjects to assist 
biotechnology entrepreneurs in managing their business locally and internationally. This is 
one example among many others from Asia representing the role government can play in 
facilitating innovation through private entrepreneurs.
Asian economies which aspire to exploit bio-entrepreneurship opportunities have repositioned 
themselves by generating and owning the knowledge to use bioscience, and subsequently 
forming strategic alliances to utilize the knowledge for productive purposes. Increasingly, 
however, the freedom to operate has become an issue as companies penetrate markets 
beyond the original country; this includes the presence of clear and transparent regulations 
for approving a bio-product for commercialization, and the proper legal frameworks to ensure 
that intellectual property is protected for high value products and processes. Teng (2008) 
provides details on how a bio-enterprise ecosystem exists in Asian countries to accelerate 
successful bio-enterprises by linking technology generators with entrepreneurs and financial 
investment sources (such as banks, NGOs, investment companies and government-supported 
financing entities).
In Asia, the creation of science and technology parks and high technology clusters are major 
initiatives for enhancing economic growth. Almost invariably, these parks and clusters are 
located close to universities and government laboratories. Universities play an important 
role in providing skilled personnel, research and access to research-support facilities. Some 
of the parks have been created and managed by governments but most involve public-private 
partnerships in which park developers get a return on their investment while governments 
achieve economic and industry development objectives.
The number of science parks in Asia grew rapidly in the 1980s. There is generous government 
support in Asia for science and technology parks as catalysts for technological development. 
There are many common features of governmental monetary support for science and 
technology parks. Benefits to bioscience firms include low corporate tax rates, tax incentives, 
tax holidays, low interest loans, free or low cost land, grants, tariff concessions and 
accelerated approvals. Specialized industries were attracted into the parks as collaboration 
ensured that the outcomes of their research and innovation would result in the stimulation of 
technology transfer between institutions and industry within the parks. Science and technology 
parks also offer opportunities for synergy between business incubators, technology enterprises 
and research institutes, particularly to assist with the early development and stimulation of 
business. For this reason, parks often also include business incubators. However, science parks 
on their own will not give the desired outcomes unless they are connected to other success 
enablers such as entrepreneurs, regulatory bodies and the investment community.
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Outlook for bio-enterprises
Increasing demand for more food, feed, fibre and fuel is global, but is particularly felt in Asia, 
which has more than half the world’s population, but only about 34% of its arable land and 
36% of its freshwater resources (Teng and Escaler 2012). What differentiates Asia from 
Europe and the Americas is the large number of small farmers and producers, a feature with 
more similarity to Africa. Bio-enterprises in Asia therefore inevitably involve millions of small 
entrepreneurs who collectively play an important role in meeting this demand. Prahalad 
(2006) has convincingly argued the case that it is vital to involve the ‘poorest of the poor’ 
at the ‘bottom of the pyramid’ in entrepreneurship if the world is to solve mass poverty in 
developing countries.
By 2025, there are likely to be more than five billion people in Asia, characterized by an 
increasingly affluent but older population, most of whom will live in megacities with over 
10 million people each (Teng 2007a). The area of arable land for agriculture is expected to 
decline, as will sources of freshwater. Many of Asia’s (and Africa’s) poor people, however, will 
still live in the countryside despite growing urbanization. All these trends pose a tremendous 
challenge in the coming years—to produce more with less land, less water, less chemicals and 
less labour. But they also provide strong potential for bio-entrepreneurship. The many existing 
bio-enterprises in Asia offer useful lessons to guide similar progress in other geographic 
regions. What has become obvious is that for countries to meet their goal of developing 
bio-economies, enablers must be put in place which generate innovations under formal and 
informal settings and contain systems for technology distribution and adoption, regulatory 
frameworks to facilitate the commercialization process, investment and financing facilities. 
In the case of novel bio-products, education programs are also needed to encourage public 
acceptance.
For many bio-enterprises, value capture and value addition in the future will depend on 
ownership of intellectual property. In the mid- to longer-term, Asian and African countries, 
which aspire to exploit bio-innovations will need to reposition themselves by generating 
and owning the knowledge and technologies from the biosciences and encouraging strategic 
alliances between the private and public sectors. This complementarity of purpose will ensure 
that the basic needs for more food, feed, fibre and fuel can be met.
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Chapter 4 
Bioscience innovation systems for an 
African bio-economy
E Jane Morris, School of Biology, University of Leeds, UK and Julius Ecuru, Uganda National Council for Science and Technology
Introduction
Inclusive socio-economic growth and sustainable development are imperative for Africa. 
No longer can it be a ‘lost continent’, marginalized by the rest of the world. Already levels 
of growth are starting to surge ahead of much of the developed world, but for this to be 
maintained and to translate into sustainable benefits and improved living standards for the 
population in general, innovative approaches will be essential. Bioscience innovation offers 
many opportunities for Africa, as described in this chapter.
What is bioscience innovation?
Innovation can occur on many fronts and in many contexts and, as pointed out by Krause 
(2013), it has become a popular catch-all term that is often used in a fuzzy manner. It is 
therefore important to define the meaning of innovation as used in this chapter.
We define innovation as the generation of new knowledge or the use of existing knowledge 
to generate a solution that has not existed before. It involves the incorporation of new 
knowledge into products, processes and services. Innovation does not necessarily mean ‘brand 
new’ but could be an approach applied for the first time in a particular country or countries, 
or could involve new applications or adaptations of an existing technique or initiative.
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The concept of innovation has developed markedly in recent years and the field of innovation 
studies has become a discipline in its own right (Fagerberg and Verspagen 2009). Popadiuk and 
Choo (2006) describe a variety of types of innovation but for the purposes of this chapter, 
we refer primarily to technological innovation, which they describe as ‘the knowledge of 
components, methods, linkages between components, processes and techniques that go into 
a product or service’. In considering the future for bioscience innovation (which we shall term 
bio-innovation from here on) in African countries, we therefore need to take into account the 
integration of bioscience with a wide range of other factors such as intellectual property (IP) 
management, licensing and knowledge transfer, business development, venture financing and 
government policies. All of these play a role in bioscience translating to bio-innovation.
Three important and relatively new concepts in innovation are particularly relevant for African 
bio-innovation. The first is frugal innovation, the second is the innovation systems approach, 
and the third is open innovation.
Frugal innovation
The term frugal innovation was popularized in a special report in The Economist (Woolridge 
2010) on innovation in emerging markets. Frugal innovation responds to limitations in 
resources, whether financial, material or institutional, and uses a range of methods to turn 
these constraints into advantages. Through minimizing the use of resources in development, 
production and delivery, or by leveraging them in new ways, frugal innovation results in 
dramatically lower-cost products and services. Successful frugal innovations are not only 
low-cost, but outperform alternatives and can be made available at large scale (Bound and 
Thornton 2012). Frugal innovation may redefine business models, reconfigure value chains and 
redesign products to use resources in different ways and create more inclusive markets by 
serving users with affordability constraints, often in a scalable and sustainable manner (Bhatti 
2012). What is important for Africa is that researchers and entrepreneurs in developing 
countries, who are themselves resource constrained, are in the best position to think outside 
the box and to use creative improvisation to develop products that are fit for purpose and 
relevant to the needs of local consumers. Business models and organizational structures in the 
developed world are traditionally designed for the development of advanced products for the 
affluent few at the top of the economic pyramid (Zeschky et al. 2012), whereas developing 
countries are not constrained by pre-existing paradigms governing the concept of innovation 
and so have a real competitive advantage.
To date, examples of frugal innovation in the biosciences are limited in number but show 
promising signs of future growth. Examples include low-cost eye surgery and affordable water 
purifiers in India.
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The innovation systems approach
The innovation systems approach dictates that there should be an integrated approach to 
the development of a bio-innovation value chain. An innovation system has been defined 
as ‘a network of organizations, enterprises, and individuals that focuses on bringing new 
products, new processes, and new forms of organization into economic use, together with 
the institutions and policies that affect their behaviour and performance’ (Rajalahti et al. 
2008), or as ‘the network of institutions in the public and private sectors whose activities and 
interactions initiate, import and diffuse new technologies’ (Freeman 1987). Lundvall (2010) 
posits that it is better to look at innovation systems as open, evolving and complex systems 
of relationships within and between organizations, characterized by intense learning. Figure 1 
shows one example of the elements of an innovation system.
Figure 1: Elements of an agricultural innovation system
 
Source: Rajalahti et al (2008) after Arnold and Bell (2001)
This concept is especially important for African bio-innovation because it stresses the need 
to have all the pieces of the jigsaw puzzle function as an integrated system. The elements of a 
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functioning innovation system need to be communicated, tailored and embedded at national 
and regional levels. Increased cooperation between stakeholders represents a key component. 
A study in Kenya (Nyende et al. 2013) highlighted the fragmented nature of the innovation 
system there, which hinders bio-innovation. Constraints were grouped into those that 
were financial, human and physical, policy and processes, information and lack of incentives, 
and home-grown demand. Another study in Rwanda and Kenya (Tigabou et al. 2015a, b) 
highlighted how the lack of a functioning innovation system in those countries had hampered 
the introduction of bio-digesters for the production of biogas. Ecuru (2011) studied the 
emerging innovation system in Uganda and identified a number of gaps, including weak linkages 
between academia and industry and a need to prioritize research and innovation activities in 
line with national priorities.
A program such as Bio-Innovate that involves the eastern Africa region as a whole in 
innovation partnerships provides the linkages between actors so that they all know their 
specific roles within the innovation system.
For Bio-Innovate to achieve success it is important that functioning innovation systems develop 
at both national and regional levels.
The concept of a national system of innovation (NSI), embedded in the policies of many 
governments around the world, has been defined as ‘the system of interacting private and 
public firms (either large or small), universities and government agencies, aiming at the 
production of science and technology within national borders. Interaction among these units 
may be technical, commercial, legal, social, and financial, inasmuch as the goal of the interaction 
is the development, protection, financing, or regulation of new science and technology’ (Niosi 
et al. 1993). Historically, there have been major differences between countries in the ways 
in which they have organized and sustained an NSI within their national economies (Freeman 
1995), and it is, therefore, essential that countries collaborating in the innovation space should 
try to harmonize their NSIs in a regional context.
Open innovation
The concept of open innovation was introduced by Chesbrough (2003), who identified that 
firms were increasingly utilizing external knowledge sources through partnerships and alliances 
in order to maintain their competitive advantage. Chesbrough’s initial model was focused on 
firms in developed countries, but more recently increasing attention is being paid to public 
institutions and the relevance of the concept to developing countries. Vrgovic et al. (2012) 
proposed that small and medium enterprises (SMEs) in developing countries should collaborate 
with independent inventors and marketing companies to improve their innovativeness using 
a communication network supported by government. Their model suggests that a product 
idea generated by an SME would be tested by a linked marketing agency, and if evaluated as 
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feasible it would be forwarded to a networked pool of inventors. A study in South Africa 
(Gastrow 2011) revealed that there is already a high level of collaboration between SMEs and 
other organizations involved in the biotechnology sector. These studies as well as others have 
recognized that the implications of open innovation need to be incorporated in national and 
regional innovation policies (Karo and Kattel 2011).
The concept of open innovation is now being extended to collaborative projects that are 
not (at least initially) driven by the private sector, or where the primary intention is to 
deliver social benefit. An example is the Golden Rice project, which has been a collaborative 
technological success, utilizing intellectual property from many different sources. However, 
the lack of some complementary elements of the open innovation system has hampered 
successful deployment (Kowalski 2015). The majority of projects supported by the Bio-
Innovate program have also been driven from a collaborative technological perspective, and it 
has been recognized that for these projects to reach the marketplace, additional involvement 
of the private sector and others with marketing and business development know-how will be 
necessary.
Innovation systems for an African bio-economy
A bio-economy can be thought of as a world where biotechnology contributes to a significant 
share of economic output (OECD 2009). There is an increasing emphasis on bio-innovation 
and the development of a bio-economy in many countries around the world. Where then do 
African countries stand in regard to the development of a bio-economy?
The only country in Africa to have formally produced a bio-economy strategy is South Africa 
(DST 2013). Nevertheless, there is considerable discussion about the stimulation of a bio-
economy, as evidenced by presentations at the meeting of the African Science Academies held 
in November 2013 with the theme ‘Biotechnology for Africa’s development’ and the theme of 
the International Consortium on Applied Bioeconomy Research conference ‘Bio-economy and 
development’ held in Kenya in June 2014. In Ethiopia, an NGO, Bio-Economy Africa, has been 
established to implement pro-poor agricultural and environmental solutions (Hamilton and 
Mohammed 2012). The recognition of the importance of a bio-economy is linked to the need 
for innovation systems that ensure sustainable use of resources to create opportunities for 
new bio-based companies in food, agriculture, health, energy and industrial applications.
It is, however, vital that such innovation systems for the development of an African bio-
economy should lead to inclusive growth, which does not widen the gap between rich and 
poor. In this regard, small-scale users become important actors to be targeted for growth 
of an African bio-economy. Henry and Trigo (2010) reviewed a range of bio-economy 
opportunities with potential application in small-scale rural settings and found that varying 
levels of research and technology delivery and/or policy interventions were needed to 
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optimize their suitability and subsequent diffusion. Clearly any effective bio-economy strategy 
needs to address the development of capacity in these areas.
What needs to be put in place?
If bio-innovation and the bio-economy are to take off in Africa, all elements in the bio-
innovation eco-system must be firmly embedded. Since most research and innovation in Africa 
is publicly funded, often by donor organizations, it is useful to refer to the OECD publication 
on commercializing public research (OECD 2013). This document outlines the structural 
factors and policy actions that characterize the generation, transfer and commercialization of 
knowledge. The OECD lists the following strategies and policies to enhance the transfer and 
commercialization of public research:
Legislative and administrative reforms to provide certainty and clarity in the legal framework 
and to encourage public research institutions and universities to protect and commercialize 
their IP.
•	 Capacities to link with the external environment through bridging and intermediary 
organizations.
•	 Incentives for collaboration to induce ‘open innovation’ including licensing and joint 
ventures.
•	 Collaborative IP tools and funds to coordinate and execute knowledge and innovation 
activities.
•	 Mechanisms to facilitate the flow of knowledge and research data.
•	 Recognition of researcher participation in the commercialization process.
•	 Supporting the emergence of entrepreneurial ideas from public research.
•	 Financing of public research-based spin-offs.
To these can be added other essential components for bio-innovation that are particularly 
relevant for developing countries, some of which are discussed in another OECD document 
(OECD 2012):
•	 Relevant, good quality research
•	 Access to relevant technology from the developed world
•	 Education and human capital
•	 Appropriate research incentives
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•	 Entrepreneurship education
•	 Expertise to evaluate an invention
•	 Market knowledge
•	 Ability to develop a business plan
•	 Funding at all stages from proof-of-concept to pilot-scale development.
Meanwhile, in spite of the limitations, there is considerable innovation taking place in Africa, 
as shown by a study in Ghana (Fu as reported in SciDevNet 2014) though most of it is 
incremental and little knowledge is coming from outside the country. Policies that build all the 
components listed above are essential to stimulate more innovation in future.
Where can Africa be competitive?
Despite the many limitations, a number of countries on the African continent are turning a 
corner and putting in place reforms and initiatives that will stimulate bio-innovation. This is 
driven at a high level through the policies of the AU and the NEPAD (Mugabe and Ambali 
2006), supported by a variety of knowledge partnerships within Africa and also with developed 
countries (Obambo 2013). Nevertheless, it is important that the continent is not just playing 
catch-up, but using its ingenuity and inherent competitive advantages to leapfrog into a leading 
position in niche areas.
There are many opportunities where African countries can be competitive, either through 
adapting, adopting and applying bioscience technologies originating elsewhere in the world, or 
through exploiting some unique factor such as its biodiversity and indigenous knowledge. For 
eastern Africa, the primary focus for competitive innovation must be improving food security 
and livelihoods. Socio-economic scenario forecasting shows that with growing populations, 
food security will remain a major challenge, even more than environmental well-being 
(Vervoort et al. 2013).
For food security, innovations that improve the food supply will be of enormous benefit. Apart 
from the many opportunities to increase agricultural production, one necessary intervention 
is the reduction of postharvest losses. A study in Tanzania identified cumulative postharvest 
losses of 40–45% of farm outputs for maize and sorghum, due to insect pests, fungal infections, 
termites, rodents, wild animals, theft and birds (Tefera and Abass 2012). There are significant 
opportunities for bioscience innovation to reduce losses, for example through the use of 
bio-pesticides, anti-microbials and natural biodegradable coatings and packaging. However, 
additional crop-specific research is needed (Kitinoja et al. 2011).
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African indigenous crops such as vegetables with high nutritive value have been neglected as 
food crops even though over 1000 species of plants are used in traditional diets in sub-Saharan 
Africa (Muhanji et al. 2011). With the development of improved varieties and business support, 
many of these crops have the potential for high market value, both locally and for export.
Many African indigenous plants also hold potential value as herbal medicines. While herbal 
medicines are widely used among local communities and may in fact be commercialized, 
their use in mainstream medicine is difficult due to the costs and complexities of proving 
safety and efficacy in order to register a product (Ndhlala and van Staden 2012). Yet Africa’s 
vast biodiversity could well yield new breakthroughs in medicine, and traditional medicines 
are increasingly a focus of attention both in terms of research and in terms of defining the 
requirements for validation and registration (Addae-Mensah et al. 2011).
Agro-processing is another area with enormous potential for Africa by adding value to primary 
agricultural production, both through increased employment in agro-processing activities 
and increased demand for primary agricultural produce. Many eastern and central African 
countries, including Ethiopia and Burundi, export more than 75% of their agricultural produce 
without processing. Kenya and Tanzania have increased the degree of processing to more than 
30% of exports, but this figure is still low in comparison with South Africa, which processes 
more than 75% of its agricultural exports (Roepstorff et al. 2011). However, on a positive 
move, the Kenyan government, as part of its Vision 2030, has indicated that it will establish a 
number of agro-processing parks for SMEs to stimulate the agro-processing industry.
Agro-processing can be carried out at community level but needs to be integrated into the 
overall value chain. Ouma and Jagwe (2010) use the example of the banana value chain in 
central Africa, where banana beer is produced as a cottage industry but there is a lack of 
integration with higher-value markets due to a lack of quality standards. A more positive 
example comes from South Africa, where traditional herbal honey bush and rooibos teas have 
made the leap from a local cottage industry to a global market (Joubert et al. 2011). Some Bio-
Innovate projects are focusing on agro-processing opportunities, such as the development of 
new products from sorghum and millet.
However, agro-processing also has a negative aspect in that it can produce waste and the 
discharge of untreated or partially treated wastewater. Waste from agro-processing has the 
potential to be used for production of biogas or as animal feed. In some cases high-value 
products can be extracted from the waste, such as bromelain from pineapple or papain 
from papaya. Integration of agro-processing, energy recovery and water reuse for economic 
activities, especially in the agricultural sector, requires more attention (Njau et al. 2011).
In addition to the specific issues around agro-processing wastes, there are wider opportunities 
for Africa to become competitive in environmental remediation and waste beneficiation. One 
promising opportunity is in phytoremediation, where plants are used to remove pollutants 
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such as toxic heavy metals or organic pollutants in the environment (Nwoko 2010). These 
plants often are used as filters in constructed wetlands, but a variety of techniques are 
available. This is one area that Bio-Innovate (and Bio-EARN before that) has supported. 
Phytoremediation is often a low-cost alternative to conventional remediation and a recent 
survey of the field revealed that developing countries are putting increasingly more resources 
into research in this field (Koelmel et al. 2015).
The examples given above are not intended to be comprehensive, but to give some idea of 
the opportunities available. Bio-Innovate projects address opportunities in a number of the 
areas discussed above, and the Bio-Innovate program is addressing the need to build functional 
innovation systems in these areas.
Conclusion
For African countries, and eastern Africa in particular, to embrace the opportunities offered 
by bioscience innovation and for a bio-economy to develop, an integrated approach will 
be necessary, involving scientists, government, the private sector and donor organizations 
working together towards a common goal. Bold initiatives and visionary thinking are needed to 
build the systems to link key competencies and skills necessary to develop a vibrant innovation 
system for a bio-economy. Nevertheless, Africa has such a wealth of opportunities that the 
future for a bio-economy looks bright.
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Chapter 5 
Moving Bio-innovations to the 
marketplace: Lessons from Bio-
Innovate program
Allan Liavoga and Seyoum Leta, Bio-Innovate program, International Livestock Research Institute
Introduction
The Bio-resources Innovations Network for Eastern Africa Development (Bio-Innovate) 
program is a regional initiative established in 2010 to support bioscience research and 
innovation activities in eastern Africa. It addresses regional priorities in science, technology 
and innovation aligned with the AU-NEPAD Science Technology and Innovation Strategy for 
Africa (STISA 2014), the science agenda for Agriculture in Africa, and the Comprehensive 
Africa Agriculture Development Program (CAADP). The program envisions a region with 
systems that support bio-innovation as the driver for sustainable economic growth.
The program is among very few that support a uniquely designed multi-disciplinary 
bioscience innovation funding mechanism anchored on the establishment of technology 
innovation platforms that assemble critical players along the bio-innovation value chain to 
apply and promote bioscience innovations. In the first phase, Bio-Innovate supported nine 
multidisciplinary innovation and policy projects involving 57 implementing partners drawn from 
research organizations/academia, private sector and other delivery agents in the six eastern 
Africa countries of Burundi, Ethiopia, Kenya, Rwanda, Tanzania and Uganda.
This chapter narrates the experiences of Bio-Innovate and the role it is playing in fostering a 
bio-economy by supporting bioscience innovation activities in the region. 
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Premise for establishing a bioscience innovation initiative
The absence of proper technology and business incubation mechanisms, as well as enabling policy 
that would move bioscience innovations along the innovation chain and to the marketplace, has 
been a big hindrance in integrating bio-resources technology into key sectors like agriculture, 
environment and industry in eastern Africa. Conscious of the limited capability of research 
organizations and academia in the region to move research output from the experimental set-up 
to the marketplace, Bio-Innovate has applied an innovation systems approach to catalyse the 
translation of research outputs to innovations in a sustainable manner for impact.
Purpose of the program
The program addresses the key question of how to effectively move bioscience research 
products closer to market for sustainable utilization and integration of bio-resources into 
economic growth and sustainable development. As far as the authors are aware, Bio-Innovate 
is the only initiative in the region that applies an integrated approach linking value addition and 
agro-processing with primary agricultural production and environmental stewardship as well as 
innovation policy and sustainability analysis.
The program has demonstrated and shared experiences on the deployment of a regional 
competitive multi-country, multi-disciplinary and multi-stakeholder biosciences innovation 
funding mechanism aimed at catalysing the translation of research outputs into scalable and 
impactful innovations through the creation and strengthening of innovation platforms. Bio-
Innovate has revealed many lessons on what has worked, and can be considered good practice 
to guide future initiatives, and also what has not worked.
Creating technology innovation platforms 
addressing food security, value addition and 
environmental stewardship
The technologies developed in phase I of the program are at various stages from proven 
concept, pilot-testing and technology demonstration to full-scale application (Figure 2). The 
program provided a platform where these technologies could transit from a more controlled 
laboratory and experimental environment and be tested, incubated and applied in the real 
world, thus taking the innovations closer to the end users. This included provision of specific 
services to support the innovation process, such as project management support, technical 
backstopping, intellectual property audit and freedom to operate assessment, feasibility and 
techno-economic analysis, and capacity building at both technical and business level, as well as 
innovation policy analysis.
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The innovation platforms targeted two main challenges in the eastern Africa region: poor 
productivity of important traditional staple crops compounded by effects of climate change; 
and, the lack of sustainable mechanisms of adding value to agro-produce and efficiently 
managing resultant waste, as well as use of scarce land and water resources.
The main achievement of Bio-Innovate phase I (2010–2015) is the demonstration that it is 
possible to create bioscience innovation platforms around specific technologies that brings 
together the public and private sector to generate and move the bio-innovations along the 
innovation chain. However, sustainability of these platforms will depend a lot on the market 
forces driving the demand for these solutions. Below is a brief description of Bio-Innovate 
funded projects.
Figure 2. Development stage of generated technologies at the end of Bio-Innovate phase I
Proof of concept
Sorghum and finger millet 
technologies
Technology incubation
1. Cassava, sweet potato 
and potato micro-
propagation 
technologies
2. Coffee and sisal agro-
waste processing 
technologies
3. Tannery and slaughter 
wastewater treatment 
and value addition 
technologies
4. Sorghum and millet 
value addition 
technologies
5. Bio-pesticide utilization
Pre-commercialization
1. Canning beans 
technologies
2. Banana wine 
wastewater treatment 
and value addition 
technologies
Addressing food and nutritional security challenges
Bio-Innovate’s focus in the food and nutrition security areas was on generating and promoting 
technologies for strategically important crops for smallholder farmers and rural communities 
in the region, i.e. sorghum, finger millet, beans, cassava, sweet potato and potato. The aim was 
to unlock the genetic potential of these crops to not only improve agricultural productivity 
and mitigate challenges posed by climate change, but also meet market needs.
To leverage the genetic resources available, conventional breeding techniques were employed 
in tandem with new advanced molecular breeding tools that would considerably improve the 
efficiency of developing robust and superior varieties in the region. Also modelled for the 
first time in eastern Africa was a private sector-led micro-propagation seed system for the 
vegetatively propagated crops, such as cassava and sweet potato, which makes disease and 
virus-free planting material affordably accessible to farmers.
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Tailoring breeding programs to meet industrial and consumer demand: The case of canning beans 
One common criticism across most of the agricultural research projects in the region is 
that little attention is put on addressing real market needs in order to create or ensure that 
smallholder farmers have a ready market for their produce as a consequence of adoption of 
the newly developed technologies.
Kenyan farmer benefiting from new drought and disease tolerant bean lines developed
Canning bean is one of the most important commercial grain type grown in eastern Africa. 
Smallholder farmers in East and central Africa predominantly grow small white bean (also 
known as white pea or navy bean) for export and local canning industries. However, the local 
processing industry is severely constrained by erratic and inadequate supply of canning beans, 
poor quality, poor linkage with farmers, reliance on one low yielding and disease susceptible 
variety (Mexican 142), as well as lack of an organized system of providing certified seed of 
canning beans to smallholder farmers.
The bean innovation team focused on simultaneously addressing both agronomic challenges 
affecting beans in the region, as well as industrial and final consumer quality needs. After 
several years of careful selection and evaluation of existing germplasm in the region, the bean 
consortium—that included research organizations from national agricultural research systems 
(NARS), universities and international research centres, as well as industry players—is on its 
way to solving a 60-year problem that has afflicted the canning bean industry in the region and 
export market due to lack of high quality seeds that are drought and disease tolerant but that 
also meet industrial quality standards.
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Seven new varieties have been validated by regulators and registered in Kenya (six) and 
Ethiopia (one), and eleven are expected to be released by 2016 in Ethiopia (two), Tanzania 
(three), Rwanda (three) and Burundi (three). Some of the new bean varieties show up to 
60% increase in yield and could be a steady source of income for farmers. In the example of 
Kenya that has a strong canning industry, the two industrial partners involved in the project, 
Trufoods and Njoro Canners Ltd., require a total of 600 tonnes of beans annually to meet 
immediate local market demands and to export 200 metric tonnes of the new canning bean 
grain annually, with a market value of USD 2.2 million (Trufoods annual report 2013). In 2015, 
40 farmers were successfully contracted by the two companies at pilot scale to grow the new 
varieties and therefore directly benefited from the new technology. Ethiopia as a major bean 
exporter is bound to improve the quality of its produce and consolidate its export market 
share. The canning bean market is projected to rope in six million smallholder farmers, who 
own on average two-acre farms, across the five countries in the coming years (Karanja et al 
2015).
The consortium has also disseminated 167 tonnes of improved drought-tolerant bean seed 
along with agronomic packages in the five countries directly and indirectly reaching 213,000 
and 640,000 farmers respectively. In the farming communities that have benefited from these 
new technologies, the current farmer estimated production of these beans is 28,800 metric 
tonnes in 2015, an increase of about 50% compared to previous production. Since some 
of these lines are richer in micronutrients, the consumption of these beans is expected to 
improve nutrition both in the rural and urban communities.
The results demonstrated by this project are at a critical point where outcomes are beginning 
to be realized and therefore would require further scaling support to ensure that envisaged 
impact is realized.
Public-private seed system partnership to address productivity challenges for cassava and sweet potato 
Sweet potato, cassava and potatoes are staple crops in the eastern African region and play 
a role in providing food security to many resource-poor rural homesteads, and in particular 
regions that traditionally have poor soils, degraded environment (pests and diseases) and the 
uncertainties resulting from climate change. Because these crops are vegetatively propagated, 
they frequently accumulate pathogens in successive crop cycles resulting in reduction in 
yield and quality. Application of tissue culture and disease diagnostics techniques offers the 
possibility of rapidly multiplying quality declared planting material for these crops. The lack of 
a system for clean planting material for the three crops and absence of guidelines for quality 
control leads to up to 80% loss of produce due to low quality vines and diseases.
A consortium comprising research organizations and private micro-propagation entrepreneurs set 
out to address these challenges. The strategy involved evaluating elite lines suitable for different agro-
ecological zones, testing a model seed system for delivering clean planting materials to the farmers 
and developing and optimizing protocols for rapid multiplication of plantlets.
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More than 20 varieties of sweet potato exhibiting disease resistance and drought tolerance 
adaptable to diverse agro-ecological zones in Ethiopia, Kenya, Tanzania and Uganda were 
identified. Nine varieties of cassava with similar characteristics were also identified in Tanzania 
and Uganda. In addition to farmers accessing these resilient varieties, they will also be 
conserved as useful parentage for future breeding activities.
Identifying these varieties without a sustainable clean seed delivery system that ensures 
farmers have access to disease-free planting material will negate any gains made. A model 
seed system involving research institutions, micro-propagating private sector players and 
NGOs that rapidly multiplies quality sweet potato plantlets was tested in Uganda and Kenya. 
This was a three-tier system: Stage I and II involved the research organizations and private 
entities equipped with accredited tissue culture laboratories and screen houses producing and 
multiplying virus free plantlets. In stage III multiplication was done in the open field by certified 
vine multipliers, typically entrepreneurial farmers, who subsequently supplied generation 1 
‘seed’ to neighbouring farming communities. The model showed promise because farmers 
were willing to pay for the clean vines having seen a 30–80% yield advantage. The sustainability 
of the system is particularly promising in Kenya due to high demand for planting material for 
cassava and sweet potato as a result of government efforts to have farmers diversify from 
growing maize after the outbreak of the maize lethal necrosis disease that has devastated the 
crop. This model system will therefore need to be scaled up for wider impact.
Underpinning all these activities was the optimization of protocols and procedures for rapid 
multiplication of tissue culture plants in the laboratory, screen house and the field, including 
protocols for diagnosis of major viruses and rapid multiplication for sweet potato vines. Micro-
propagation companies in Uganda and Kenya have already adopted some of these protocols 
for rapid in vitro sweet potato multiplication.
Applying advanced molecular tools to improve crop productivity and mitigate climate change for 
sorghum and finger millet
Sorghum and finger millet are two of 
the so-called orphan crops that have 
been perpetually underfunded, but have 
potential to improve the livelihoods of 
rural communities and food security. To 
fully exploit available genetic resources, 
advanced molecular breeding tools have 
to be developed and integrated into 
national breeding programs in the face 
of complex emerging biotic and abiotic 
stresses compounded by climate change.
Sorghum farmer that will benefit from the new breeding tools 
developed by scientists  
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To address climate change effects that have led to erratic rainfall and relatively drier 
conditions, seven candidate drought-tolerant sorghum varieties from Kenya and Tanzania and 
three stay-green sorghum varieties from Ethiopia have been recommended for commercial 
release in those countries. A total of 15 promising drought-tolerant finger millet lines were 
identified in Ethiopia, Kenya and Tanzania, while one early-maturing line from Kenya is 
undergoing regulatory validation before registration. A total of 634 finger millet landraces and 
121 cross-compatible wild accessions were collected, conserved and characterized, and will 
be invaluable sources of desirable genetic material for future crop improvement. In addition, 
novel stay-green sorghum lines identified in Ethiopia will be used to improve promising farmer-
preferred varieties as the next step in breeding for drought tolerance.
Advanced breeding tools have been developed that will enable transition of finger millet 
breeding from the slow conventional methods to a more efficient breeding process that 
generates higher yielding varieties with resistance to biotic and abiotic stresses within a 
relatively short period of time. The next step is to fully integrate these tools into national 
breeding programs. The first steps towards this objective have been taken with training and 
exposure of breeders from Ethiopia, Kenya and Tanzania to genomics and bio-informatics 
tools and the acquisition and transfer of these tools to selected institutions in these 
countries.
Microbial bio-control technology ripe for smallholder farmers in eastern Africa 
Diseases and insect pests are of particular 
concern in vegetable production in eastern 
Africa, and synthetic chemical inputs are 
regularly used by farmers. However, the 
synthetic pesticides have toxic effects to 
producers, consumers, non-target organisms 
and the environment. Regulators around the 
world are advocating for stringent standards 
to protect consumers. In a recent case, the 
EU imposed compulsory pesticide residue 
testing on horticultural produce from Kenya 
as a result of excessive use of some of these chemicals. Microbial biological control offers an 
alternative to the use of chemical pesticides for crop protection. Unfortunately, biological 
control is not yet used to its full potential in eastern Africa despite its suitability for vegetable 
and cereal crops grown by smallholder farmers.
A team of researchers from Kenya partnered with Real IPM Ltd (a bio-pesticide company 
in Kenya) to develop bio-enhanced seeds/ seedlings capable of withstanding high pressure 
from damping off disease—which kills or weakens seeds or seedling before and after they 
germinate—pressure to produce higher yields in the field. The resultant yield increase was 
attributed to a stronger seedling in the nursery. The technology allowed for seed coating using 
Farmer spraying crop with pesticide: Bio-pesticide products 
developed will reduce the use of chemical pesticides 
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formulations (bio-pesticide) from Bacillus subtilis, Trichoderma asparellum and Metarhizium 
anisophilae. This is a wet method that requires smallholder farmers and small seed-dressing 
companies to obtain the bio-pesticide in powdery form and coat the seeds before planting. 
The project further determined that bio-enhanced seeds/seedlings synergistically interacted 
with synthetic fertilizers in promoting plant growth. Two of these bio-pesticide products 
have been registered in Ghana, Kenya and Tanzania, while the registration process has been 
initiated in Ethiopia and Uganda. In addition, a team from Ethiopia has developed two other 
microbial (fungal) control agents and one auto-dissemination trap for control of sorghum 
chafer. These products have been validated and are recommended for commercialization.
The farmers involved in the implementation of the project have realized a 50% reduction 
in damping off disease incidences and delayed onset of late blight. In the seed industry, the 
project has stimulated the demand for the bio-enhanced seeds technology. Seed companies in 
Ethiopia, Kenya and Tanzania have expressed interest in trying the seed coating technologies 
using bio-pesticides. As a result of various stakeholder meetings held by the consortium, 
relevant policymakers in the region now understand the usefulness of the technology and 
its potential for horticultural production, as well as the regulatory bottlenecks that hinder 
widespread adoption of bio-pesticides.
Although the seed coating technology was only tested on maize and tomatoes, there is 
considerable opportunity to scale up the technology in a larger range of seed crops, including 
beans, rice, sorghum, wheat, barley, and other vegetables (onion, cabbages kale). Further, 
market positioning and explorative studies to identify competitive products in the market and 
possibilities of combination with other synergistic products are needed. Dry dressing methods 
that prolong the shelf life of seeds and that enable farmers to buy already coated seeds will be 
useful in the future.
Adding value to agro-produce to expand agro-business opportunities
Adding value to agro-produce has been touted as one of the best way of creating agro-
business opportunities and wealth for African countries given their heavy reliance on 
agriculture. Sorghum and finger millet are important traditional crops native to Africa. 
However, commercialization of sorghum and millet-based products has been limited by 
low added value, poor quality and short shelf life of traditional products made from the 
two cereals. Currently, these two cereals are used at household and cottage levels to 
make stiff or soft porridges and alcoholic beverages of perceived low quality. This situation 
may be improved through the innovative application of biosciences together with business 
and entrepreneurial approaches transforming what are considered as low value crops to 
competitive value added products on the market that would deliver food security and improve 
the livelihood of farmers.
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Creating partnerships with local food processors and addressing their technology challenges/
needs would increase the diversity and competitiveness of value added sorghum and millet 
products on the market; improve product quality and consistence, thus creating new market 
opportunities. This in turn provides the demand for sorghum and millet produce, which 
creates a steady market for the two cereals with benefits accruing to farmers and other 
players in the value chain.
As part of Bio-Innovate, a regional 
consortium was established to exchange 
and share sorghum and millet-based 
product technologies among the three 
partner countries—Ethiopia, Tanzania 
and Uganda through academia-industry 
partnerships. Technologies for 
commercial production of clear malt 
drink, instant flours, complementary 
composite flours and snack products 
from sorghum were developed in 
partnership with industrial processors.
Clear malt drink and instant sorghum 
flour are already on the market shelves 
in Tanzania and Uganda, respectively. An Ethiopian food processor—GUTS Agro-industry—
has branded sorghum snack and flour as bio-enriched products and launched them on the 
market. Currently, about 850 metric tonnes of sorghum and millet are required in the first 
year for the production and marketing of clear malt drink and instant sorghum flour in the 
participating countries. This will initially benefit 1100 farmers, but this number is likely to 
increase as the performance and popularity of the products among health-conscious urbanites 
increases. These technologies and products should be scaled out widely in the region to 
increase the number of enterprises and volume of products with concomitant benefits to 
more sorghum and millet farmers.
Processed food locally produced from sorghum and marketed as 
baby food in Ethiopia
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Converting agro-industrial waste into business opportunities
From noxious wastewater to energy, bio-nutrients and reusable water 
Environmental pollution from industrial activities 
is a serious problem in eastern Africa with less 
than 10% of industries treating their waste to 
any degree before discharging it into the 
environment. Moreover, current treatment 
processes in the region do not integrate 
pollution reduction, energy and nutrient 
recovery from agro-process waste, and are 
designed to primarily meet regulatory emission 
standards. Therefore, processes that add value 
along the waste treatment chain are necessary 
to complement environmental and global climate change mitigation efforts.
A regional project was conceptualized to develop innovative approaches adaptable to the 
local environment for wastewater treatment that not only focuses on meeting environmental 
standards but also bio-resource recovery. The innovations developed involve treating the 
wastewater through a two-step process starting with bio-digestion followed by a polishing 
step using a constructed wetland that purifies the water further to meet national discharge 
standards.
As an immediate outcome, the treatment plants installed at the three sites in Ethiopia, Tanzania 
and Uganda resulted into 99% removal of pollutants, thus meeting effluent discharge standards. 
A total of 7280m3 oof methane is captured as biogas which is combusted to recover energy and 
resulting in a reduction in greenhouse gas emissions. The process also generates nutrient-rich 
sludge that can be used for crop cultivation and nutrients for hydroponic systems.
In Tanzania, the focus was on optimizing biogas production, water reuse and nutrient recovery 
from banana wine processing at Banana Investments Ltd (BIL). The company, located in the 
centre of a rural community in Arusha, processes 25 metric tonnes of peeled ripe bananas per 
week to produce wine. The process results in about 400m3 of high-strength wastewater per 
day that is dumped into the environment. The enterprise unsustainably uses 3600m3 of wood 
fuel and diesel costing the company in excess of USD 50,000 per annum. A full-scale integrated 
wastewater treatment system has been installed that purifies the water and generates 
100m3 of biogas gas per day that is used to supplement industrial diesel used in the boiler. 
A certificate has been issued to BIL by regulators certifying that the treated effluent meets 
Tanzanian standards in all parameters and can be used for irrigation of crops. The treated 
water has been redirected for reuse in a fishpond and for agricultural activities in neighbouring 
farms. This particular partnership is a perfect example of how to leverage the knowledge base 
at the university and dynamism of the private sector to address a societal problem. Banana 
Full-scale integrated wastewater treatment system 
installed that purifies wastewater and generates biogas 
at Banana Investments in Tanzania
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Investment Ltd provided significant matching funds for the team to realize the full-scale 
installation.
In Uganda, the focus was on biogas production, water reuse and nutrient recovery from 
slaughter waste at an abattoir located at the heart of the capital city, Kampala. Kampala city 
abattoir has a slaughter capacity of 900 livestock per day, generating on average 400m3 of high 
strength wastewater per day. This highly-polluted effluent contributes to nutrient enrichment 
and oxygen depletion of Lake Victoria. Following the installation of the pilot plant close to 40% 
of wastewater generated is treated, generating about 20m3 of biogas per day that supplements 
up to 80% of the energy costs of the factory. The biogas is used to run a generator that 
powers security lights, deep freezers and refrigerators, helping the abattoir save about USD 
2400 per month. The system not only meets regulatory effluent discharge standards, but 
also generates nutrient-rich sludge for cultivation of vegetables, flowers and nutrients for 
hydroponic systems. Discussions are ongoing with the abattoir owners to scale-up the plant to 
handle 100% of the waste.
In Ethiopia, the technology developed is treating tannery wastewater from Modjo Tannery Ltd. 
The tannery generates 4500m3 per day of noxious wastewater which is discharged to Modjo 
river, that feeds into Lake Koka. Downstream communities use this lake for irrigation and 
other domestic activities and this poses a health risk to these communities. Through this pilot 
facility the tannery is able to treat about 10% of the waste to produce 60m3 per day of biogas 
(with obvious potential for much more) that is used to offset the energy costs and to remove 
99% of the residue heavy metals and organic matter in the wastewater. The biogas is used to 
run a generator that powers the security lights and cooking activities. The treated water can 
be reused in floor cleaning processes within the factory. The annual energy expenditure by the 
tannery is estimated at USD 28,500. If installed full-scale, the pilot plant could result in energy 
costs savings of up to USD 52,000 per year. Discussions are underway on scaling up.
Translating sisal and coffee processing waste into mushroom and biogas 
Kenya and Tanzania are large producers of sisal, Agave sisalana, with a number of large 
plantation estates and processing factories. The sisal sector is considered one of the biggest 
waste producers, primarily because from the sisal plant biomass, only 2% is utilized in the sisal 
production process, while 98% of it is considered waste. In 2009, Tanzania generated about 
500,000 tonnes of pulp, 2.1 million m3 of wastewater and 100,000 tonnes of sisal boles. Kenya 
on the other hand, generated about 600,000 tonnes of sisal solid waste and about 3.5 million 
m3 of wastewater in 2010.
Ethiopia and Kenya are big exporters of coffee and therefore generate huge waste from 
processing the crop. Coffee processing discards 99% of the biomass generated by the coffee 
plants at different stages from harvesting to consumption. Ethiopia alone is estimated to 
generate more than 2 million m3 of wastewater, 400,000 tonnes of husks, 70,000 tonnes of 
pulp and 12,000 tonnes of parchment per year. This waste is mostly burned or dumped on site 
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and farms, contributing to environmental pollution. There is potential to add value and more 
efficiently utilize this agro-waste. However, this is hampered by lack of appropriate technology.
A research team from Ethiopia, Kenya and Tanzania sought to demonstrate, in partnership 
with private sector partners, that these waste products could be put to good use. Three 
pilot plants capable of producing one tonne of mushroom per month, using sisal waste as 
substrate, have been installed at Mohammed Enterprise and Kilifi Plantation in Tanzania and 
Kenya respectively, and using coffee waste as substrate at Alavi in Ethiopia. The team has 
gone further to demonstrate that the residue resulting from mushroom production can be 
used for biogas production. However, the economics of producing biogas this way need to 
be investigated further. Moreover, in order to consume a significant amount of the waste, a 
reliable market for the mushroom produced would need to be found.
Enabling policy and regulatory environment is 
essential for uptake of bio-innovations
For bioscience innovation to thrive and translate the vast bio-resources in the region into 
wealth-creating products and services, there has to be an enabling ecosystem that supports 
innovation processes. The role of governments is critical through formulation of the right mix 
of policy and regulation that provide the link between government, business and academia. 
Eastern African countries could benefit from bioscience innovations that address local needs, 
create job opportunities and increase household incomes. However, this is constrained 
by inadequate policy support mechanisms and requisite incentives to move bioscience 
technologies and other research products to market.
The Bioscience Innovation Policy Consortium for Eastern Africa (BIPCEA) was designed 
to help Bio-Innovate scientists understand policy issues that affect the translation of their 
Policymakers and scientists discussing bio-innovation policy to support uptake 
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research outputs into useful goods and services in society and, where possible, support the 
scientists to tease out the policy issues. The working hypothesis for the project was that 
bringing bioscience technologies to market requires, among other things, policies that facilitate 
linkages between local private actors, academia and the public sector in bioscience research 
and innovation processes. The aim of such policies is to create opportunities for bioscience 
business incubation, improve IP management and technology licensing, facilitate access to 
genetic resources, as well as support the emergence of more sustainable financing and 
incentive mechanisms to support bioscience innovation in the region.
The BIPCEA project was a collaborative effort between councils/commissions and ministries 
for science and technology (S&T) in eastern Africa, and regional and international S&T 
organizations and universities. Participating countries included Ethiopia, Kenya, Tanzania and 
Uganda and to a less extent Burundi and Rwanda. The key outputs from the project included:
•	 An assessment of the Bio-Innovate program from an innovation system perspective 
that revealed the need for government intervention, including more specific policies and 
supportive regulations as well as more specific policies, incentives and financial mechanisms 
for bio-innovation in eastern Africa. This includes the need to focus on building functional 
bioscience innovation systems and the promotion of bio-innovation business incubators in the 
region.
•	 A review in eastern Africa that revealed that all the countries have STI policies, but their 
broad nature makes them ineffective and hinders their implementation.
•	 Specific policy and regulatory intervention strategies on policy and regulatory incentives for 
adoption of innovative solutions for agro-industrial wastewater management and utilization 
of bio-pesticides for Ethiopia, Kenya, Tanzania and Uganda.
•	 Stakeholder analysis for Bio-Innovate projects that mapped out the roles of the various 
actors along the value chains, and policy limitations.
•	 Bio-Innovate scientists trained on basic IP management and equipped with tools to conduct 
intellectual asset inventory.
•	 Spearheading the compilation of this book.
A significant outcome of the project was that project partners and other relevant 
stakeholders, including key government S&T agencies in eastern Africa, agreed with the study 
findings and recommendations for policy actions to support the process of moving the specific 
bioscience technologies to market.
Some key learning opportunities observed in the course of project implementation included:
i. The need to engage and link stakeholders early on from inception and throughout 
project implementation.
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ii. IP and freedom to operate analysis should be done early on at project inception and 
continued throughout project implementation.
iii. The need for clarity on sharing knowledge assets and products and their dissemination 
when working in a consortium.
iv. Business cases should be developed as part of the business incubation process, or where 
possible, link innovation projects to professional business incubation services.
Capacity building should be an integral part of 
any bioscience innovation initiative
The clamour for the region’s countries to transit into knowledge-based bio-economies will 
remain elusive unless there is continued and sustained heavy investment in training, not only 
in the traditional technical fields but also on how to create and manage intellectual assets and 
business development and bio-entrepreneurship.
Bio-Innovate applied an integrated approach to capacity building that embedded technical 
training into product development activities. In the course of projects’ implementation, the 
program supported research activities for 38 masters and 7 PhD students. This was a cost-
effective way to procure cheap but high-quality labour that contributed significantly to product 
development, while at the same time offering advanced training opportunities and resources. 
The outcome of the capacity building activities was the development of the aforementioned 
technologies and publication of more than 50 peer reviewed articles in international journals in 
four years.
The program also supported short courses for scientists varying from highly technical fields 
like bio-informatics and genomics for breeders to intellectual asset management and the 
fundamentals of business development. Thirty scientists benefitted from these courses.
Lessons learned
The Bio-Innovate program occupies a critical but challenging space in the research to impact 
pathway in the region by linking research outputs with outcomes and eventual impact. This 
space represents what is sometimes referred to as innovation processes that are often 
complex and require contributions from different actors.
Most of the innovations discussed in this chapter are a result of over 10 years of investments 
by the Swedish International Development and Cooperation Agency (Sida) and national 
governments that began with the advanced training of scientists and improvement of research 
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physical infrastructure to the current technology incubation and demonstration. In this regard, 
BIO-EARN, which was implemented from 1999–2010, played a central role as the predecessor 
of Bio-Innovate.
On the basis of what has been achieved thus far, it is apparent that the technical performance 
and viability of the technologies has been demonstrated. However, their commercial potential 
requires rigorous assessment followed by the requisite support, if these outputs are to 
translate into products and services that will impact the society in the long-term. In trying 
to address this gap, the program conducted intellectual audits of some of the technologies 
to assess need for protection and/or infringement if taken to the market, as well as techno-
economic analysis to evaluate their social and economic potential.
In our experience, there is a general lack of appreciation, especially in the scientific community, 
of how to manage knowledge and intellectual assets and the processes of translating research 
outputs to impact. This is compounded by a general lack of a functional innovation landscape 
in the region and minimal incentives for bio-entrepreneurship. In trying to inculcate innovation 
processes into research activities in the region, the program has learned some valuable lessons 
as discussed here.
What worked well
Academia-private sector partnership is essential in moving research outputs closer to end users 
This collaboration has significantly increased the chances of the technologies moving towards 
a larger-scale of deployment due to a number of reasons. Firstly, the demonstration that the 
technologies are viable and ready for scale up was critical for buy-in by the private sector to 
provide needed investments. Secondly, the partnership also provided a direct feedback loop 
that shaped the product development process to meet market needs, and thirdly, the fact that 
the private sector is more dynamic and knowledgeable on market issues and deployment.
Creation of innovation platforms involving South-South-North partnerships provided crucial technology 
backstopping support 
There has been an exchange of useful know-how and biological resources among the regional 
partners and also from global collaborators from Denmark, Germany, India, Sweden and USA, 
contributing directly to the generation of technologies. This lays the foundation for a regional 
innovation platform in biosciences augmented by strong South-South-North collaborations.
Strengthening regional capacity to utilize bio-innovation as a tool for development 
To a large extent the program has successfully contributed to the development of an innovation 
mentality with the hope that the community of innovators will share positive experiences 
within their own institutions and beyond. The academia and private/market actor partnerships 
demonstrated various models of how to integrate biosciences R&D with techno-economic and 
market analysis, and the complex issues around scaling up and commercialization.
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Provision of project management support 
Provision of project management backstopping support to implementing institutions in the 
region helped overcome bureaucratic and time-consuming procurement processes that 
hamper product development activities. Applying a results-based management approach was 
also very useful in changing the way projects were being managed with more focus on results 
and consequently monitoring and reporting of achievement was captured in terms of those 
results.
What did not work well
Developing, pilot-testing and deploying innovations needs sufficient time and resources 
It was too ambitious and unrealistic to assume that innovations could be developed and/
or pilot-tested and deployed in three–four years, taking into consideration time, resources, 
expertise and infrastructure, particularly with the public sector institutions taking the lead role 
in the product development process. The public sector has inherent systemic weaknesses that 
significantly slow down the product development process.
Lack of business input in the initial design of innovation projects 
A major problem in Bio-Innovate projects was that in the initial design there was more 
emphasis on technical aspects with little rigour put into developing clear business strategies, 
exit plans and frameworks indicating the potential beneficiaries of these projects. Though 
there were belated efforts to address this, there were numerous missed opportunities.
Private sector was not adequately incentivized to put in matching funds 
The program and public sector partners that took the lead in project development lacked 
the know-how to strongly negotiate for matching funds from the private sector, leading to 
lopsided investments in the projects. There is also need for a clear framework right from the 
beginning that stipulates how resources and intellectual property are to be shared.
Disconnect between the policy and practice 
The policy analysis project was not sufficiently integrated into the innovation projects to help 
in identifying policy interventions that support uptake of various innovations in the region. The 
resulting limited interaction between the policy team and the project innovation teams led to 
inadequate connection between policy and practice.
Lack of support for business development 
There was inadequate business expertise in the execution of the program necessary to 
provide project teams with business development and incubation support.
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Conclusion
Bio-Innovate has successfully demonstrated that the region has good capacity to conduct 
and deliver bio-innovations and that the private sector is eager to participate if they are 
incentivized. However, a lot more needs to be done particularly by national governments to 
develop supportive systems for bio-innovation to thrive.
In the current phase, the technologies developed have transited from the experimental 
environment and have been pilot-tested and validated in the ‘real world’ and shown to work. 
These technologies and products need to be scaled up in order for the medium- to long-
term outcomes to be realized, and contribute to economic growth, job creation, improved 
agricultural productivity and resource efficient agro-processing. This requires resources 
from multiple sources beyond the traditional donors, including social investors and private 
financiers, among others. Bio-Innovate phase II will be critical in ensuring that some of the 
technologies developed in phase I are widely adopted by end users and users and strengthen 
local and national economies.
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Introduction
The purpose of this chapter is to chart the history of bio-incubator development around the 
world, but with particular emphasis on South Africa, and to highlight lessons learned that could 
be useful in eastern Africa.
What is incubation and what is bio-incubation?
The US has probably the longest and most successful track record in business incubation. It is 
generally accepted that the first business incubator was created by Joseph Mancuso in Batavia, 
New York, in 1957 (Leblebici and Shah 2004). To quote from the information provided on the 
website of the US National Business Incubation Association (NBIA 2009):
Business incubation is a business support process that accelerates the successful 
development of start-up and fledgling companies by providing entrepreneurs with an array 
of targeted resources and services. These services are usually developed or orchestrated by 
incubator management and offered both in the business incubator and through its network 
of contacts. A business incubator’s main goal is to produce successful firms that will leave 
the program financially viable and freestanding. These incubator graduates have the potential 
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to create jobs, revitalize neighbourhoods, commercialize new technologies, and strengthen 
local and national economies.
Critical to the definition of an incubator is the provision of management guidance, technical 
assistance and consulting tailored to young growing companies. Incubators usually also 
provide clients access to appropriate rental space and flexible leases, shared basic business 
services and equipment, technology support services and assistance in obtaining the 
financing necessary for company growth.
Most incubators use a non-profit business model. Sponsors generally include universities, 
economic development organizations and other community-based groups, often with help 
from government. Particularly in developing countries, most incubators are government-
funded (Akçomak 2009).
While some incubators are multipurpose, there has been an increasing tendency for them 
to focus on specific market sectors and/or specific technologies. This is certainly the case in 
the biotechnology sector, where technology development generally has a long lead time and 
requires focused attention. Having said this, biotechnology also encompasses a range of lower 
technology opportunities, particularly in the agriculture and food sectors. Entrepreneurs 
within the biotechnology sector are normally scientists with limited business managerial 
experience, often setting up university spin-out companies. The R&D process can take up to 
15 years (McAdam and McAdam 2008), and is expensive and high-risk compared with some 
other sectors.
Bio-incubators thus provide dedicated support to the biotechnology and broader life sciences 
sectors. Conventionally, bio-incubators also offer flexible office and laboratory spaces, as well 
as specialized support services and networking, to provide an enabling environment for new 
biotech companies. Some programs linked to bio-incubators or to other business support 
also run so called ‘accelerator’ programs that aim to provide dedicated business coaching to 
selected projects. Examples include the seed accelerator at Chalmers Innovation in Sweden, 
and the Biotechnology Young Entrepreneurs Scheme (Biotechnology YES) in the UK. Figure 3 
shows some of the general services and functions commonly offered by incubators (Mutambi 
2013).
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Figure 3. Services offered by incubators
 
Bio-incubators in the developed world
There are more than 100 bio-incubators in the US. The majority have been established with 
a mix of university and government funding and can be associated with a single university or a 
network of universities. Europe has been slower to jump on to the bio-incubator bandwagon, 
but is led by the UK where 20 bio-incubators were established during the decade of the 
2000s (Ehret et al. 2012). Well over a quarter of new life science start-ups in the UK are 
located in a bio-incubator (Crocker and Pope 2012). Switzerland ranks second in Europe in 
the development of biotechnology, with the world’s highest per capita biotechnology density 
(Ukropcova and Sturdik 2009).
A key success factor for new biotech start-ups within a bio-incubator is access to capital. 
In the US, despite the recession, bioscience venture capital investments have consistently 
exceeded USD 4 billion per year, even reaching 7.6 billion in 2014 (Ernst and Young 2014), 
with the average investment for a start-up company being USD 5.74 million (Battelle/BIO 
2010). Even before reaching the stage of accessing venture capital, there is a need for funding 
to establish proof of concept (assess the potential of the technology, identify the market, 
protect the IP, develop a prototype, test and validate) and then for pre-seed funding to 
establish the business function and work towards securing initial financing. Again, the US 
scores well in this respect, largely due to state support, with more than USD 200 million 
available annually for proof of concept, and even more for pre-seed and seed funding (Battelle/
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BIO 2008). Funding for start-ups in Europe is more limited, leading to a greater focus on bio-
incubators hosting service-based rather than product-based companies (Ehret et al. 2012). 
European venture capital funding in 2014 amounted to USD 2 billion (Ernst and Young 2015). 
In that year the UK attracted the most venture capital investment followed by Switzerland and 
Germany (Ernst and Young 2015).
Evidence regarding the value added provided by bio-incubators in the developed world is 
somewhat sparse, and tends to form part of the general literature regarding the value of 
business incubators as a whole. Nevertheless, it is claimed that incubated biotechnology 
companies internationally have a 70–80% success rate, as opposed to the 20% overall success 
rate of biotechnology start-ups (DST 2001). It is apparent that there is considerable variation 
in the performance of individual incubators (Al-Mubaraki and Wong 2011), but the complex 
high-risk nature of biotechnology and the long development times involved would tend to 
provide justification for the need for specialized bio-incubation services.
Bio-incubators in the developing world
In many developing countries, bio-incubators are either non-existent or only just starting to be 
put in place. Somewhat more advanced countries with emerging economies, such as Brazil and 
India, are increasingly focused on the development of biotechnology through the establishment 
of bio-incubators and biotech business parks.
In Brazil, where there is a supportive environment and well organized public funding, more 
than half the biotech enterprises are linked to an incubator, demonstrating the importance 
of incubators and technology parks for the development of the sector. There are more than 
10 incubators hosting biotech start-ups, though most are multi-sectorial and not focused 
exclusively on the life sciences and biotechnology (BRBIOTEC/CEBRAP 2011).
Likewise in India, there is a supportive government environment, with a burgeoning number 
of government-funded bio-incubators and biotech business parks. The Biotechnology Industry 
Research Assistance Council (BIRAC) has initiated a scheme for strengthening existing bio-
incubators and establishing new ones, and there are at least a dozen BIRAC-funded incubators. 
Government grants provide initial seed funding for incubated biotech start-ups. However, 
companies still face a number of challenges, primarily related to the long gestation period for 
new companies in the biotechnology sector and the difficulty of accessing follow-on funding 
(Acharya 2013). Venture capitalists are few and far between in developing countries, resulting 
in an ongoing need for government-backed financial support during the incubation process.
Fostering a Bio-economy in Eastern Africa                75
Bio-incubators in South Africa
Biotechnology has been identified as a priority area for development in South Africa since 
the publication by the Department of Science and Technology (DST) of the National 
Biotechnology Strategy (DST 2001), and the National Research and Development Strategy 
(DST 2002). These were followed by the 10-year Innovation Plan (DST 2008), which 
states that ‘over the next decade South Africa must work to become a world leader in 
biotechnology’ and, more recently, by the Bio-economy Strategy (DST 2013a). All these 
documents recognize the gap between research and commercialization.
The National Biotechnology Strategy proposed the creation of biotechnology innovation 
centres (BICs), each of which should be associated with an incubator. Following its publication, 
a number of BICs were established, including BioPAD (covering the Pretoria/Johannesburg 
region) and Cape Biotech (covering the Western Cape region). In 2010, the BICs were 
incorporated into a new entity funded by DST, the Technology Innovation Agency (TIA), 
with the objective of stimulating and intensifying technological innovation in all sectors. 
Unfortunately, TIA encountered severe problems from its inception. The merging of pre-
existing entities proved to be a challenge. Each entity had its own mandate and its own 
legal, structural and organizational background, resulting in conflict and infighting in the new 
organization. There was also a breakdown of relations between DST and the chief executive 
officer (CEO) of TIA. Disciplinary action was taken against both the CEO and chief financial 
officer, resulting in an extended period with interim leadership. A new chief executive 
was appointed in 2015. Stakeholders encountered poor response times for enquiries and 
applications, unwieldy application processes and poor communication (DST 2013b). All of 
these problems led to severe disruption in funding for biotechnology, and have taken time to 
resolve.
The first two biotechnology incubators were established in 2002–03 through the Godisa 
initiative, with financial support from the Department of Trade and Industry (DTI) and 
the DST, augmented with some European Union funds. Godisa is a Tswana word meaning 
‘nurturing and growing’, which was the main aim for technology-intensive start-up businesses. 
Acorn Technologies was established as a biomedical, bioengineering and biotechnology 
business incubator in Cape Town, while eGoliBio (now based in Pretoria) focuses on all 
aspects of bioscience and biotechnology. Both eGoliBio and Acorn Technologies have had a 
troubled history; Acorn is now defunct but eGoliBio continues to exist.
eGoliBio was originally based at Modderfontein (outside Johannesburg), with offices in close 
proximity to the laboratories of the Council for Scientific and Industrial Research (CSIR) site, 
where there were both laboratory and pilot-scale facilities. Incubator tenants were housed 
in the same building as incubator staff. This allowed for excellent interaction in a campus-
type environment. Funding constraints, coupled with CSIR’s closure of the Modderfontein 
site, resulted in the relocation of eGoliBio to Pretoria, where there was no longer dedicated 
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space for incubator clients but where there was access to the laboratories at the main 
CSIR campus. eGoliBio currently has around 60 clients in its database at various stages of 
incubation, but all on a virtual basis, and the level of support that can be provided by a small 
team of staff is suboptimal. The past years have seen a high turnover in incubator staff due 
to the uncertain environment, with the result that the current small staff complement is 
relatively inexperienced and, therefore, not well positioned to provide the necessary business 
advice. In the past, good use was made of external mentors and coaches with private sector 
and business experience to support the staff of eGoliBio, but this has been terminated due to 
limited resources.
The client portfolio of eGoliBio largely reflects the low-tech end of biotechnology and the 
life sciences sector in part due to short-term strategic goals. Only five clients have graduated 
from eGoliBio since its inception, all of them at the margins of what would be considered 
biotechnology (Table 5). The lack of more high-tech projects may also reflect the fact that 
universities in South Africa remain largely focused on education and academic research, and 
there is little incentive or support for entrepreneurship. Adequate ‘proof of concept’ work is 
lacking, as is a thorough understanding of market potential. Joint funding from the university 
and government that includes specific funding for ‘proof of concept’ as is available in the USA 
and Europe would be beneficial to South Africa. Given the relatively small size of the academic 
community and the limited funding available, it may be difficult for South Africa to compete 
internationally at the high-tech end.
Table 5. Firms graduated from eGoliBio
iSlices iSlices produces dermal eye treatment pads based on cryogel polymer technology 
for the cosmetics and beauty market. The company has nine employees and runs a 
full export business with a turnover of more than ZAR 1 million. See http://www.
eyeslices.co.za
Biodx Biodx produces an environmentally-friendly biocide based on a natural citrus 
extract that kills or inactivates 99.9% of microorganisms in minutes whether fungus, 
bacterium, mould or virus. INDUSDX™ is used as a preservative by formulators 
in industries such as timber, plastics, adhesives and cleaning products as well as in 
paints. See http://www.biodx.co.za 
Herbal Horse Herbal Horse formulates and supplies herbal food supplements for horses and other 
domestic animals. Each of the products contains herbs, vitamins, amino acids and 
minerals known to be safe and effective for horses and other animals. Herbal Horse 
products are not only available in South Africa, but the company is also expanding 
into a number of export markets. The company has two employees and contract 
manufactures some of its products. See http://www.theherbalhorse.com 
JEN-TIL Touch JEN-TIL Touch manufactures and sells natural (no animal products) healing creams 
made from pure essential oils. The products were developed by a professional-nurse-
turned entrepreneur. See http://www.jentiltouch.com 
Cosmeceutical 
Products (Pty) 
Ltd
The formulation of products is based on well-known safe herbal extracts, fruit acids 
and emollient oils for individuals who have a skin disorder or a need for personal 
skin care.
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Akçomak (2009) itemizes a number of points necessary for incubator success. Two of these 
points relating to incubator management stand out:
•	 Incubator managers should be qualified, preferably with business experience 
There is a shortage of such managers and staff with sufficient business knowledge and 
experience in South Africa as in most developing countries. As a result, the services 
provided are not ideal, and there are difficulties in properly evaluating and developing 
business plans. The threatened sustainability of the incubators also destabilizes managers in 
their ability to accept the longer-term challenges of a biotechnology incubator.
•	 Monitoring of incubator clients is essential for success 
Regular monitoring of incubator clients is necessary to determine if they are on the right 
track. It is the manager’s job to be proactive in monitoring. Firms should be evaluated 
carefully on the basis of their management skills, market knowledge and financial strength 
before being admitted to an incubator. In the drive to recruit incubator clients into 
eGoliBio, it is likely that insufficient attention has been paid to this aspect, as reflected in 
the small number of companies which have graduated from the incubator.
It is thus apparent that considerable emphasis needs to be placed on recruiting, training and 
supporting highly-skilled incubator staff if the incubator is to achieve the desired results. 
Attention must also be given to ensuring sufficient funding to allow the full focus of incubator 
staff to be on the client companies and not on survival.
The recently launched Bioeconomy Strategy mentions the need for ‘increased state 
involvement in life science incubators’, yet the modalities for any new interventions are 
not described. In the US and Europe, many incubators are established in association with 
universities, and with a combination of national and sub-national government, and university, 
funding. eGoliBio and any future bio-incubators might fare better if they were more closely 
linked to a university or a research cluster, although for eGoliBio some promising interactions 
are starting to take place. New initiatives in the region include the Biomanufacturing Industry 
Development Centre at the CSIR, which is financed by the Development Bank of South 
Africa, and the new BioPark development at The Innovation Hub in Pretoria, an initiative of 
the provincial government and the DTI. Unfortunately, the anticipated benefits of growing 
collaboration and critical mass between these initiatives and eGoliBio have not been achieved 
and the behaviour appears to reflect more ‘empire building’. Such a trend will not support the 
growth of a vibrant support system for emerging biotechnology innovations which is sorely 
needed if the sector is to grow.
Lessons learned from the South African experience
Manimala and Vijay (2012) point out that in developed countries it was the existence of 
promising technologies without institutional or entrepreneurial expertise that drove the 
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creation of technology incubators. In emerging economies, on the other hand, the process 
has been reversed, and the hope is that incubators will bring about the much-needed 
technology development. The authors stress that this is unlikely to be successful unless the 
research culture and initiatives in the universities and R&D institutions are supportive. To a 
certain extent this is the case in South Africa. However, continuing changes in government 
policy, all the different institutions, the lack of linkages and cooperation between government 
departments and other factors make the life of an incubator, especially a high-tech-focused 
one, much more complex and threaten sustainability.
The academic world in South Africa is not yet sufficiently engaged with the incubation 
process, since graduates and faculty members generally lack entrepreneurial feel and hunger. 
The younger generation of academics are discouraged from setting up a spin-off company by 
complex institutional rules and policies. Thus, the pipeline of projects is based on early-stage 
research without much attention given to the commercial opportunities created. Jordaan and 
Jordaan (2010) highlight the fact that despite the efforts of DST to stimulate biotechnology 
and associated business development in South Africa, the country is lagging behind other 
emerging economies in terms of biotechnology patents filed. Nevertheless, there may be 
considerable opportunities for service-based rather than product-based start-ups, as has been 
the case in Europe. Amongst other issues, Jordaan and Jordaan blame ‘vested interests by 
academia that are in competition with private enterprise’. This situation may change following 
the implementation of the Intellectual Property Rights from Publicly Financed Research and 
Development Act (2008) in 2010, but only time will tell as the ability to exploit the generated 
IP needs to be developed.
For biotech incubators, such as eGoliBio, to be able to support the development of high-tech 
projects, a number of factors need to be in place that relate to the funding agencies supporting 
both the incubator itself and projects with commercial potential (in South Africa’s case the 
instruments of both DST and the Department of Small Business Development (formerly DTI). 
First, funders must be willing to embrace higher-risk, longer-term, opportunities. Secondly, 
educated funding decisions must be made quickly to avoid long delays that result in loss of 
competitiveness. Thirdly, there must be clear and simple funding policies that ensure there are 
no gaps in the innovation chain to avoid accusations of a ‘policy-on-the-go’ approach (Jordaan 
and Jordaan 2010). Fourthly, there needs to be more engagement with the Department of 
Higher Education, the primary funder of universities. Decisions on salaries and promotions 
for university faculty members are based on academic merit with little consideration being 
given to patenting or commercialization activities. Without these aspects being improved, the 
incubator is currently limited to a pipeline of relatively low-tech opportunities with limited 
growth potential.
Nevertheless, there is some light on the horizon as a new generation of bio-entrepreneurs 
emerges. A number of South African universities now offer courses in bio-entrepreneurship 
to trigger the entrepreneurial mind-set among their postgraduate students in biotechnology. 
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For example, the University of Pretoria has successfully introduced an honours-level course 
on biotechnology in the workplace based on the UK Biotechnology YES scheme (Kunert et al. 
2012) to teach students to identify innovative ideas and establish a fictional company. It also 
offers more advanced short courses in bio-entrepreneurship under its continuing education 
program. The University of the Witwatersrand also offers a Master of Science course in 
biotechnology that incorporates business aspects. DST supports internships where new 
graduates have an opportunity to be placed in industry for periods of 6–12 months. With an 
appropriate supportive environment, these young scientists will be well positioned to be the 
next bio-incubator tenants and also better equipped to join existing smaller companies.
Bio-incubation in eastern Africa
There are already initiatives under way in eastern Africa to foster bio-incubation, supported 
both by local organizations and by donor agencies.
In Uganda, an incubator (Bio-Biz incubator) has been established at the National Agricultural 
Research Laboratories with support from the National Agricultural Research Organization, 
and following a competitive process, five projects were selected to receive initial funding and 
acceptance into the incubator. Projects include mushroom spore growing and cassava value 
added products, but financial sustainability and availability of sufficient technical competence 
are problematic (A Kiggundu, personal communication to J Ecuru). US governmental 
organizations have expressed interest in supporting this initiative. A linked initiative involves 
Bahir Dar University in Ethiopia, where the aim is to set up rural agro-/bio-business incubators 
and provide support to the development of entrepreneurship.
At Makerere University in Uganda there is the Food Technology Business Incubation Center; 
its focus is on technology transfer rather than purely on business incubation, and it provides 
support services for improvement of processing technologies and product development. 
The Uganda Industrial Research Institute is not sector-specific, but includes some bioscience 
projects in its incubation portfolio.
In Kenya, the oldest technology and business incubation centre is the government-funded 
Kenya Industrial Research and Development Institute established in 1979 to enhance 
technology transfer, dissemination and commercialization primarily in the industrial sector. 
Kenyatta University established the Chandaria Business Incubation and Innovation Centre 
in 2011. This incubator covers all sectors. More recently, Jomo Kenyatta University of 
Agriculture and Technology has announced that it is setting up a business mentoring and 
incubation centre to translate student innovations into viable business outputs.
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InfoDev, a program of the World Bank group, is providing virtual incubation services to 
rural communities in eastern Africa with funding from UKAid. The Universities, Business and 
Research in Agricultural Innovation initiative (UNIBRAIN)—funded by the Danish International 
Development Agency (Danida)—supports agribusiness incubators, including two in Uganda on 
banana and coffee value chains and one in Kenya on sorghum (FARA 2012). However, Danida 
has committed funding for only four years, with the expectation that the incubators should be 
financially self-sustaining within this time; this may be overly optimistic.
As eastern African countries progress on the journey to develop bio-incubators, they will face 
many of the same challenges and potential pitfalls that have been encountered in South Africa. 
The following suggestions may help to smooth the way forward:
1. Consider adopting a regional approach to the development of a bio-incubator, as 
advocated by the Bio-Innovate program. This would help to ensure that there are 
sufficient promising technologies in the pipeline to justify the creation of a bio-incubator.
2. Work from the start with governments in the region to put in place supportive 
and sustainable policies to serve the long-term role of a bio-incubator and bio-
entrepreneurship.
3. Form strategic alliances with successful incubators in the developed world that can assist 
with mentoring and support.
4. Place more emphasis on providing virtual types of support rather than on the provision 
of physical facilities. An alliance with an organization such as the BecA-ILRI Hub could 
provide access to some of the necessary facilities.
5. Where possible, recruit incubator staff with the necessary skills in business development, 
potentially from the African diaspora. If this is not possible, then staff training and 
development should be a top priority.
6. Establish strong relationships with key universities and research institutions in the region 
and promote the training of staff and students in biotechnology entrepreneurship so that 
there is a cadre of young people with entrepreneurial skills and an entrepreneurial mind-
set.
7. Consider innovative mechanisms to access funding and support, including crowdsourcing 
and crowdfunding.
By learning from the South African experiences, and building on current initiatives, a positive 
future for the growth of bio-incubators and bio-entrepreneurship in eastern Africa can be 
envisaged.
Fostering a Bio-economy in Eastern Africa                81
References
Acharya, M. 2013. Challenges in managing incubation of innovation in biotechnology sector in 
India. Asia Pacific Journal of Innovation and Entrepreneurship 7(3):53-69.
Akçomak, i. S. 2009. Incubators as tools for entrepreneurship promotion in developing countries. 
Research paper / UNU-WIDER, No. 2009.52, ISBN 978-92-9230-231-3.
Al-Mubaraki, H.M. and Wong, S.F. 2011. How valuable are business incubators? A case study of 
their performance indicators. European, Mediterranean and Middle Eastern Conference on 
Information Systems, May 30-31 2011, Athens, Greece, pp. 756-765. (Available from http://
www.iseing.org/emcis/EMCISWebsite/EMCIS2011%20Proceedings/SIS2.pdf) (Accessed 
March 2016).
Battelle Technology Partnership Practice; Biotechnology Industry Organization. 2008. 
Technology, talent and capital: State bioscience initiatives 2008. (Available from http://www.
iowabiotech.com/econ_dev_reports/Battelle_State_Bioscience_Initiatives_2008.pdf) 
(Accessed March 2016).
Battelle/BIO (Biotechnology Industry Organization). 2010. State bioscience initiatives 2010. 
(Available from http://www3.bio.org/local/battelle2010/Battelle_Report_2010.pdf) 
(Accessed March 2016).
BRBIOTEC (The Brazilian Association of Biotechnology)/CEBRAP (Brazilian Centre for 
Analysis and Planning). 2011. Brazil biotech map 2011. (Available from http://www.
clustercollaboration.eu/documents/270120/0/Brazil_Biotec_Map_2011.pdf/40a5c1c5-53b0-
47d5-bb44-22f909eadc11?version=1.0 (Accessed March 2016).
Chakma, J., Massum, H. and Singer, P.A. 2010. Can incubators work in Africa? Acorn 
Technologies and the entrepreneur-centric model. BMC International Health and Human 
Rights 10 (Suppl 1):S7
Crocker, G. and Pope, N. 2012. Realignment. UK life science start-up report 2012. (Available 
from http://www.mobiuslifesciences.com/report) (Accessed March 2016).
DST (Department of Science and Technology). 2001. A national biotechnology strategy for South 
Africa. (Available from http://www.biotechnologie.de/BIO/Redaktion/PDF/de/laenderfokus/
suedafrika-biotech-2001,property=pdf,bereich=bio,sprache=de,rwb=true.pdf (Accessed 
March 2016).
DST. 2002. South Africa’s national research and development strategy. (Available from http://www.
esastap.org.za/download/sa_natrdstrat_aug2002.pdf (Accessed March 2016).
DST. 2008. Ten year innovation plan. (Available from http://www.dst.gov.za/images/pdfs/The%20
Ten-Year%20Plan%20for%20Science%20and%20Technology.pdf (Accessed March 2016).
DST. 2013a. The bio-economy strategy. ISBN 978-1-919966-06-09. (Available from http://www.
dst.gov.za/images/ska/Bioeconomy%20Strategy.pdf (Accessed March 2016).
DST. 2013b. Summary report on the review of the Technology Innovation Agency prepared for 
the Minister of Science and Technology. (Available from http://mg.co.za/article/2013-07-11-
troubled-technology-innovation-agency-left-spinning ) (Accessed March 2016).
82       Fostering a Bio-economy in Eastern Africa
Ehret, M., McDonald-Junor, D. and Smith, D. 2012. High technology and economic 
development: the BioCity Nottingham technology incubator. Entrepreneurship and Innovation 
13 (4):301-309.
Ernst and Young. 2015. Beyond borders: reaching new heights. Biotechnology industry report 
2015. (Available from http://www.ey.com/Publication/vwLUAssets/EY-beyond-borders-
2015/$FILE/EY-beyond-borders-2015.pdf). (Accessed July 2016).
FARA (Forum for Agricultural Research in Africa). 2012. About UniBRAIN. (Available from 
http://www.fara-africa.org/our-projects/unibrain/abou/) (Accessed March 2016).
Jordaan, A.S. and Jordaan, D. 2010. Reality bites: biotech innovation in South Africa. Innovate 
4:72-74.
Kunert, K.J., Okole, B., Vorster, B.J., Brewin, N.J. and Cullis, C.A. 2012. A general model for 
training the next generation of biotechnology entrepreneurs based on recent experience of 
USA-UK-South Africa collaborations. Journal of Commercial Biotechnology 18(2):61-65.
Leblebici, H. and Shah, N. 2004. The birth, transformation and regeneration of business 
incubators as new organisational forms: Understanding the interplay between 
organisational history and organisational theory. Business History 46(3): 353–80.
Manimala, M.J. and Vijay, D. 2012. Technology Business Incubators (TBIs): A Perspective for the 
emerging economies. Indian Institute of Management, Bangalore. Working paper number 
358. (Available from http://ssrn.com/abstract=2117720) (Accessed March 2016).
McAdam, M. and McAdam, R. 2008. High tech start-ups in University Science Park incubators: 
The relationship between the start-up’s lifecycle progression and use of the incubator’s 
resources. Technovation 28: 277-290.
Mutambi, J. 2013. Stimulating industrial development in Uganda through open innovation incubators. 
Blenkinge Institute of Technology Doctoral Dissertation Series No. 2013:11.
NBIA (National Business Incubation Association). 2009. What is business incubation? (Available 
from https://www.nbia.org/resource_library/what_is/) (Accessed March 2016).
SEDA (Small Enterprise Development Agency). 2009. Seda Technology Programme: A year in 
review–2008/9. (Available from http://www.seda.org.za/Publications/Publications/Stp%20
Annual%20Review%202008-09.pdf) (Accessed March 2016).
SEDA. 2011. Seda Technology Programme annual review 2010/11. (Available from http://www.
seda.org.za/Publications/Publications/Stp%20Annual%20Review%202010-11.pdf (Accessed 
March 2016).
Fostering a Bio-economy in Eastern Africa                83
84       Fostering a Bio-economy in Eastern Africa
Chapter 7 
A policy mix for a bio-economy in 
eastern Africa
Julius Ecuru, Uganda National Council for Science and Technology
Jane Omari, National Commission for Science Technology and Innovation of Kenya
Pantaleon Chuwa, University of Dar es Salaam
Teklehaimanot Hailesellasie, Addis Ababa University
Getachew Atintie, Ministry of Science and Technology, Ethiopia
Beatrice Lymo, Tanzania Commission for Science and Technology
Linda Opati, International Livestock Research Institute
Ivar Virgin, Stockholm Environment Institute
John Komen, policy advisory, Komen Bioscience Consultancy, The Netherlands
Faith Nguthi, International Service for the Acquisition of Agri-biotech Applications
Margaret Karembu International Service for the Acquisition of Agri-biotech Applications
Introduction
Adding value to bio-resources and developing bio-process technologies leads to new bio-based 
enterprises, which is the hallmark of a bio-economy. A vibrant bio-economy in eastern Africa 
presents a clear roadmap for the region’s participation in the post-2015 development agenda 
and attainment of the sustainable development goals. Anecdotal evidence already suggests that 
eastern Africa has immense opportunities to develop a competitive bio-economy, given its rich 
bio-resource base and potential to leverage modern biosciences to deliver bio-based products 
and eco-services including, for example, bio-energy and other high-value essential products like 
cosmetics, nutraceuticals and biopharmaceuticals.
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The emphasis on green growth globally is likely to increase demand for bio-based products 
and technologies, and define future niche markets. Therefore, as eastern Africa models its 
growth agenda around science, technology and innovation and private enterprise, policymakers 
and stakeholders should plan and develop bio-economy policies and strategies that tap into 
global bio-based markets. Such a policy or strategy would inevitably improve food security, 
open up new bio-based business opportunities and jobs, and promote resource use efficiency 
and move the region towards a sustainable green growth pathway. Scholars predict that 
economic growth in the twenty-first century will, to a large extent, be driven by bioscience 
innovations (Juma 2011). We think that the revolution that modern bioscience will make in 
the global economy will be comparable to changes in lifestyle and business we are experiencing 
today with advances in information and communication technology. It is partly for this reason 
that the AU through NEPAD has prioritized modern bioscience in its development policy 
agenda (African Union 2005; African Union Commission 2014).
Modern bioscience is providing the tools, which enable us to develop more nutritious crops 
(e.g. through bio-fortification), improve food and feed safety or develop better pest and 
disease-resistant, as well as drought-tolerant, crops. Thus, modern bioscience is beginning 
to provide practical answers to some of the greatest challenges we face at the dawn of this 
millennium, which are hunger and malnutrition, need for more effective ways to prevent 
diseases and treat serious illness or build resilience to climate change (Food and Agriculture 
Organization 2004). In a nutshell, eastern Africa lagged behind and did not fully benefit from 
the ‘Green Revolution’ of the 1970s and the 1980s. Going forward, the region ought not to 
miss the ‘Gene Revolution’ that will be advanced through modern bioscience.
This chapter proposes a policy mix that may help the region build a vibrant bio-economy 
linked to global value chains in the emerging bio-based niche markets. In the first part we look 
at the policy context of a bio-economy in eastern Africa. In the next part we discuss the policy 
challenges, and the last part proposes actions that point to the need to have a mix of policies 
that foster a bio-economy in the region.
Policy context
The eastern African economy is largely agro-based, with agriculture contributing on average 
33% of the GDP (World Bank 2013). Agricultural transformation is one of the policy agendas 
for all the countries. This commitment is demonstrated by the countries’ decision in 2014 
to sustain the CAADP momentum by investing up to 10% of their GDP in the agriculture 
sector (African Union Commission 2014a). Governments of eastern African countries are also 
committed to integrating science, technology and innovation into their national development 
processes. Each of these countries has or at least is in the process of evolving specific national 
policies for science, technology and innovation. Further still, each of the countries also has 
visions, which largely aspire towards middle-income country status in the next two or three 
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decades (Government of Uganda 2013; Government of Kenya 2007). The region appears to 
have the minimum set of policies to drive investment in bioscience. The key challenge is to get 
the right mix of these policies, which can effectively foster bioscience innovation and create 
a vibrant bio-economy. Getting this policy mix right essentially means getting the different 
components of the bioscience innovation system to function synergistically. These components 
as discussed in Chapter 4 of this book include: a streamlined financial mechanism, skilled and 
competent human resources, good governance regimes and frameworks, and a network of 
actors involved in the generation, use and diffusion of bioscience and related technologies.
Getting the priorities right
Within eastern Africa, reforms have taken place, which put the private sector at the top 
of the development agenda. Indeed, there has been some modest growth in private sector 
investments over the years (Chains 2014). However, for most countries almost two 
thirds of the economy is still in the informal sector (Kawooya 2014). Smallholder farmers 
account for a large share (over 80%) of this informal private sector. This means that priority 
investment must target ways of enhancing the productive capacities of the smallholder 
farming communities. Sustainable agro-processing and value addition is one important strategy 
of not only increasing productivity but also profitability of smallholder farming, eventually 
transforming these into commercial farming ventures.
The private sector remains crucial in this endeavour. However, the private sector in eastern 
Africa is still weak and unable, in the current circumstances, to drive bioscience innovations on 
its own. Governments and the public sector generally should step in to play an enhanced role 
of advancing bioscience innovations. So far much of the investment in modern bioscience has 
been made in the public sector. The region’s universities and public research organizations are 
building up the knowledge and skills base in this important field. However, these efforts must 
translate to innovations in the marketplace that contribute to higher economic growth rates. 
The region has opportunities to gain strategic advantages and develop niches in fields such as 
biopharmaceuticals, nutraceuticals, food, natural preservatives, biofuels, biomaterials, and eco-
services that improve health and wellbeing.
Emerging challenge
The potential of a bio-economy is great. For example, global demand for industrial 
enzymes exceeds USD 7.6 billion, and this demand grows on by 5% annually (UNCST 2013 
unpublished). This is besides the market for biofuels and other essential bio-based products 
and services, which is driven by transitions towards sustainable development goals. Global 
rise in demand for bio-based products notwithstanding, eastern Africa is anticipating growth 
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through the oil and gas sector, following recent discoveries of fossil oil and gas in Uganda, 
Kenya and Tanzania. The challenge for the region is to appropriate the expected revenues 
from these fossil fuels (oil and gas) in such a way that it strategically invests in a more 
sustainable future, which is essentially a bio-economy.
The other challenge will be to ensure bio-based products and services compete favourably for 
markets within Africa and internationally. This means increased and sustained investment in 
training and research that produces highly-skilled scientists and engineers. In addition, there 
have to be innovation and entrepreneurial champions who stir-up investment in bio-based 
research, innovation and commercialization. Such champions increase public awareness and 
may attract investment in the sector. Innovation and entrepreneurial champions could be 
university or public sector scientists who start-up high-value bio-based businesses or they 
could be established companies that see and seize opportunities in bioscience innovation.
Ensuring competitive products and eco-services also means making the regulatory system 
for standards and quality more efficient. The standards agencies and other regulatory 
bodies in areas of food and environment should see themselves as important actors in this 
endeavour. But at the same time, standards must be accompanied by incentives that attract 
private companies to adhere to the standards. Low interest loans for new technologies 
and other forms of recognition and awards by the state for outstanding investors in the 
field of biosciences are examples of soft incentives that attract investment and innovation 
towards a bio-economy. At the same time, regulatory agencies need to be more vigilant in 
enforcing standards and regulations, especially those pertaining to industrial effluents, food 
and medicines. Firm enforcement of standards and regulations coupled with incentives for 
investment in clean technology are important drivers for bioscience innovation.
Getting the right policy mix
Eastern Africa has the basic policy framework that supports bioscience innovations. Although 
work may be needed to revise or formulate new policies, the key challenge is to get a policy 
mix that strengthens the bioscience innovation system (see case studies 1, 2 and 3 below). 
A critical mass of actors and institutions to drive bioscience innovations exists in the region. 
However, the capacity of these actors to engage more effectively in bioscience innovation 
needs to be enhanced. Getting the right policy mix that grows businesses, creates markets, 
and provides affordable and patient financing would spur growth towards a bio-economy in 
eastern Africa. We briefly discuss each of these below:
a) Creating capacity 
In most advanced economies, such as in Europe and North America, the private sector is 
a key driver of investment in bioscience innovations. In eastern Africa, the private sector 
is too weak to drive this investment on its own. Public R&D institutes and universities 
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should, therefore, play enhanced roles in driving the adoption of bioscience technologies in 
the region. This means that public organizations and universities must have the necessary 
capacity and be effective in technology transfer and dissemination. They should, therefore, 
have the necessary capacity. In particular, public organizations and universities need 
institutional policies and structures that reward and foster entrepreneurship and innovation 
by their scientists and students. For example, creating incentives for scientists to be engaged 
in innovation activities should be a key policy consideration. This does not mean turning the 
university away from its pursuit of academic excellence and pushing the frontiers of science. 
However, the university is a rich pool of talent and within it are entrepreneurial scientists 
and persons, who should be incentivized to also pursue their career dreams in business. 
To this end, public organizations and universities should have functional innovation and/or 
technology transfer offices that link and or transition scientists to industry. These offices 
should help scientists articulate and understand the economic implications and viability of 
their projects. Such offices should also support scientists to manage intellectual property 
and assets and any potentially proprietary information or dealings, as well as forming inter-
disciplinary teams that can translate research ideas into business.
b) Building businesses 
Many scholars and programs have emphasized universities linking with the private sector 
to commercialize research products. However, this approach works well where the 
private sector is strong and dynamic. In eastern Africa, the private sector is small and weak, 
particularly in the area of bio-based enterprise development. A mixed strategy is, therefore, 
needed which combines the traditional university-industry linkage, with a more structured 
approach that supports scientists and students in developing their own enterprises. 
This can only happen through university-based and /or government-supported business 
incubators. These business incubators must of necessity involve the local governments 
and academia within particular regions in the countries. Most incubators operate under 
a primarily non-profit business model. Sponsors generally include universities, economic 
development organizations and other community-based groups, often with help from 
government. A lack of professional business incubator managers is a challenge in the region 
and collaboration with incubating actors/services in countries with a more developed 
innovation and business incubating market should be encouraged.
c) Market creation 
Policies for research and innovation within eastern Africa are characteristically broad, 
and difficult to implement or measure their impact. More specific and targeted policies, 
with clear strategies and incentives are needed to drive investment and growth in specific 
innovative clusters of firms, products or services. First, there is need for a clear vision 
and strategy for a bio-economy as the sustainable and future growth pathway for the 
region. Second, enforcement of standards and regulations should improve; and third, 
incentive schemes must be clearly articulated to drive investment in particular clusters 
of technologies or eco-services. A good example of this is the call by governments in 
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the region to have clean planting material for smallholder farmers. This call is driving 
investment in tissue culture technology by scientists and entrepreneurs. A certification 
system to ensure that the planting materials are disease free is driving further 
investment and inquiry into new and affordable diagnostic tools for plant pathogens. 
In the end, this is enhancing the productivity of smallholder farmers, creating jobs and 
increasing household incomes. Further, government procurement could be used, where 
appropriate, to target or prefer bio-based solutions in product or service delivery.
d) Financing innovation 
Financing is an important component of a functional bioscience innovation system. 
Creative funding models for sharing costs of bringing products to the market need 
to be explored. Public funding is often the base for R&D efforts in the public sector 
and academia. But, to successfully bring the R&D products to market, new funding 
partnerships in which these costs are borne by several different parties are necessary. 
A range of different funding models for sharing costs and raising necessary capital are 
necessary for bioscience innovation to make an impact and assist the region to move 
towards a knowledge-based bio-economy. Some of these may include: 1) government 
research and innovation funds that are regularly awarded competitively; 2) angel 
investors and venture capital financing targeted at promising bioscience technologies and 
business ideas; 3) loans and micro-credit facilities for local bio-entrepreneurs who would 
like to upgrade their equipment or invest in new production lines, training and other 
commercial services, and 4) crowd sourcing, which may be innovatively explored through 
the savings and credit cooperatives societies, which are diffused in most parts of eastern 
Africa. These innovative financing models are necessary because of the high interest rates 
of existing commercial lending.
Conclusion
Eastern Africa has enormous opportunities to develop a competitive bio-economy. Functional 
bioscience innovation systems can deliver a sustainable bio-economy in the region. A critical mass 
of actors and institutions exist that can participate inclusively in bioscience innovation processes in 
the region. Getting the right policy mix is necessary to catalyse interaction and create environments 
conductive to learning. Whereas there may not be a single, one-size-fits-all solution, a number of 
initiatives around capacity development, business growth, market demand and streamlined and 
effective financing models could propel growth of a bio-economy in eastern Africa.
At the heart of all this underlies the need for effective communication and engagement among 
actors involved in diverse innovation processes. While communication and engagement is 
often at the individual and firm level, policies also need to inform each other. This means, 
economic sectors must be interlinked to make them effective in fostering a bio-economy in 
eastern Africa.
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Case Study 1: Innovation in the management of industrial effluents
Poorly treated industrial effluents are a major environmental hazard in eastern Africa. The 
wastewater or effluents containing pollutants from agro-processing industries like abattoirs, 
tanneries, textile, sisal and beverage processing factories are discharged into water bodies such as 
rivers, lakes, or a sewer system or reservoir. These may cause serious health and environmental 
problems. Solving this problem requires a policy mix which combines regulatory enforcement, 
incentives for new clean technologies, support for research, trade considerations and conservation 
measures.
Table 6. Summary of key legislations for environmental protection/ pollution control in 
Ethiopia, Kenya, Tanzania and Uganda
Country Year Title
Ethiopia 2000 Water Resource Management Proclamation 
2000 Public Health Proclamation 
2002 Environmental Impact Assessment (EIA) Proclamation
2002 Environmental Protection Organs Establishment Proclamation
2002 Environmental Pollution Control Proclamation 
2004 The Criminal Code of Federal Democratic Republic of Ethiopia
2007 The Development Conservation and Utilization of Wildlife Proclamation 
2007 Forest Development, Conservation and Utilization Proclamation 
2008 Prevention of Industrial Pollution Council of Ministers Regulation 
Kenya 1999 Environment Management and Coordination Act (Amended in 2015)
2002 Water Act
2002 Agriculture Act 
2006 Industrial Act
2006 Energy Act 
Tanzania 2003 Industrial and Consumer Chemicals (Management and Control) Act
2004 Environmental Management Act No. 20 of 2004
2009 Water Supply and Sanitation Act 
2009 Water Resources Management Act 
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Country Year Title
Uganda 1964 The Public Health Act (Revised in 2000)
1989 The Control of Agricultural Chemicals Act
1991 The Investment Code Act
1998 The Land Act
1998 The Environmental Impact Assessment Regulation
1998 The Water (Waste Discharge) Regulations
2000 National Environment Act Cap. 153
2006 The Water Act Cap 152
2006 The Occupational Safety and Health Act
 
Presently, various strategies are being used to remove pollutants from industrial effluents. For 
example, waste stabilization ponds are low-cost technologies being used by many factories in eastern 
Africa. However, waste stabilization ponds are mostly convenient for municipal wastes. Other effluent 
treatment technologies are required for high-strength wastewater such as those discharged from 
tanneries or abattoirs. The Bio-Innovate program has successfully piloted the integrated constructed 
wetland technologies in the region. One project, for example, piloted integration of biogas 
production, treated water and nutrient recycling in partnership with Banana Investments Ltd located 
in Arusha, Tanzania, Modjo Tannery Ltd in Addis Ababa, Ethiopia, and the City Abattoir in Kampala, 
Uganda.
These show that opportunities exist for the development of home-grown solutions that integrate 
biogas production and wetlands technologies for agro-process industrial wastewater treatment 
through university-industry partnerships. However, private sector involvement in taking waste 
treatment as a business for production of marketable products such as biogas, fertilizers and clean 
water is still limited in eastern Africa. For instance, in Ethiopia, institutional, financial, technological 
and skilled manpower barriers limit the private sector’s compliance with national and international 
environmental standards. Access to finance to acquire modern equipment and technology is difficult 
because of collateral requirements, high transaction costs, high interest rate and low credit ceilings. 
In Uganda the story is more or less the same with the high capital costs for installation of effluent 
treatment plants (ETP) and the maintenance thereof, discouraging the private sector.
Policy reforms should therefore aim at encouraging agro-processing industries to comply with 
regulations, policies and standards. They should also add value to industrial effluents by recovering 
energy, water, nutrients and other resources to reduce on the exploitation of natural resources 
while mitigating other factors on climatic change. However, this can only be adequately achieved 
with the right policy mix that facilitates collaboration and learning among stakeholders, which 
include all regulatory agencies, private sector, agro-processing industries, civil society organizations, 
research institutions and academia. The policies should also provide regulatory incentives that 
encourage adoption of new technologies for industrial effluents management. Such incentives 
may include low-interest funding mechanisms for installing ETPs, tax holidays, duty import of 
machineries and accessories, provision of land for building ETPs and expansion.
Source: Bio-Innovate-Africa 2015
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Case Study 2: Bio-pesticides development and use in eastern Africa
Bio-pesticides may contribute significantly in improving pest and disease control and management in 
eastern Africa. The region is endowed with untapped biological resources that can be used in the 
development of bio-pesticides. Kenya so far is leading in the region with respect to bio-pesticides 
development and use. It has registered and commercialized 28 microbials, 13 macrobials and 42 
biochemical formulations. More than 25 international and national private sector manufacturers and 
registrants of bio-pesticides operate Kenya. They are supported by more than 19 Kenyan registered 
agents who formulate, store, distribute and retail bio-pesticides.
In Ethiopia, biological control agents are used mainly in flower farms. Seventeen macrobials and five 
microbials are commercially available. More than eight companies supply bio-pesticides. Adoption may 
improve by improving efficiency of the registration system.
Uganda has registered 11 bio-pesticides, some of these are isolated and developed locally. Some 
fear there may be a number of unregistered products in the market. More than five dealers in bio-
pesticides are registered.
The slowest rate of adoption of bio-pesticide use is in Tanzania. For example, Beauveria bassiana is 
being tested for use against the larger grain borer, an important post-harvest pest of maize. There 
are two Bacillus thuringiensis formulations and two Bacillus sphaericus formulations, as well as three 
botanicals registered or at experimental stage.
The policy regime for bio-pesticides in the region is underdeveloped. So for the regulations 
pertaining to bio-pesticides can only be traced among the general ones that deal with pest and 
phytosanitary control. The exception appears to be Ethiopia, which has a strategy to reduce the 
use of conventional pesticides and adopt integrated pest management more widely especially in 
flower production. In 2007–2008, with the endorsement of a wide range of stakeholders (growers, 
Ministry of Agriculture, The Ethiopian Institute for Agricultural Research, The Ministry of Trade 
and Industry, the Ethiopian Horticulture Producers and Exporters Organization), an on-farm trial 
to investigate the efficacy of biological control products under Ethiopian conditions was conducted. 
After this trial, flower farms were allowed to import bio-pesticides and biocontrol agents under 
strict conditions, only for application in their own farms and subsequently, small volumes are 
imported annually.
Kenya is developing a national agrochemicals policy and a law to govern bio-pesticide use. In Uganda, the 
draft Uganda Organic Agriculture policy seeks to minimize the use of external biological inputs, avoiding 
the use of synthetic drugs, fertilizers, and pesticides. However, other policies exist, which indirectly limit 
the use of pesticides, although they do not necessarily promote bio-pesticides. Tanzania does not envisage 
a specific policy on bio-pesticides, but is increasingly challenged to consider bio-pesticides for use in 
ornamental, vegetable and fruit production.
For registration data requirements, all countries except Tanzania follow the format of the Southern 
and Eastern African Regulatory Committee on Harmonization (SEARCH) form developed 
by countries in the region with the support of CropLife International. Kenya has a structured 
registration system based on an initial risk assessment followed by registration mainly supported by 
efficacy data. Registrants would, however, prefer a shorter process especially in the case of indigenous 
biological control agents. In Ethiopia, the registration and control of pesticides decree was recently
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amended to specifically include bio-pesticides giving rise to Pesticide Regulation and Control Proclamation 
No. 674/2010, which empowered the Ministry of Agriculture to register and control bio-pesticides. 
The challenge is to develop a registration system that will allow the rapid and efficient registration of 
useful and effective bio-pesticide products in the country. In practice, the data requirements follow the 
SEARCH form, but the application differs in the presentation of the data which has to be entered into 
the form instead of the annexing done in other countries. Uganda also uses the SEARCH form and is 
open to submissions of published information making registration a faster process compared to Kenya. 
Tanzania follows a country-specific form, although the data is basically the same as that requested in the 
SEARCH form. Registration is carried out alongside the registration of conventional pesticides, a process 
that is based on an initial approval for experimental purposes followed by registration after efficacy data is 
provided. Data may be submitted from open literature, but the actual registration is a slow process that is 
limited by a lack of necessary resources to convene statutory meetings.
Only a few incentives for bio-pesticides use could be identified in the regions. Ethiopia’s interim 
arrangement for growers to import bio-pesticides for use in flower farms is the strongest incentive 
identified. In Kenya, the demand for residue free horticultural produce offers a big opportunity for 
Kenyan companies and horticulture farmers. However, adoption is limited by the cost effectiveness 
and low stability of the available products, as well as a lack of skills in their usage, especially among 
smallholder farmers. Small growers of beans and peas would benefit from the adoption of bio-pesticides. 
In all the countries, bio-pesticide imports are either exempted from taxation or can access tax waivers.
Overall, the lack of skills and poor compliance in the use of bio-pesticides and limited awareness of 
their advantages over chemical pesticides is a serious handicap in all the countries. Consequently, 
even in Kenya and Ethiopia where the products have been adopted to some measure, it is large-
scale commercial farmers who have begun using bio-pesticides and not smallholders who comprise 
the majority of the region’s farmers. The registration processes in all the countries, except Kenya, 
should be made clearer and more efficient so as to attract new entrants and facilitate the uptake of 
bio-pesticides.
The collaboration between the players is better in Ethiopia than compared to Kenya, perhaps due 
to donor support and government direct involvement in the adoption of bio-pesticides. In Uganda, 
bio-pesticides have only a small private sector share, while major global players are still trying to 
enter the Tanzanian market.
Each of the countries has a few NGOs and civil society institutions playing a role in the sector. Ethiopia 
has the most active groups, particularly the Ethiopian Horticulture Producers and Exporters Association, 
which have managed to obtain donor support to increase the adoption of bio-pesticides among flower 
growers. In Kenya, the International Centre for Insect Physiology and Ecology (icipe) has undertaken 
research in collaboration with one of the major private sector players, Real IPM and a public university, 
the Jomo Kenyatta University of Agriculture and Technology. This collaborative effort has provided 
products ready for commercialization.
It may be necessary to develop and harmonize a set of data registration requirements and a process 
in the region. There is also a need to train regulators and extension workers in the region on 
bio-pesticides, their classification, use and advantages. These concerns could be better addressed 
through a national or regional bio-pesticide association, or similar advocacy organization on behalf 
of bio-pesticides interest groups.
Source: Bio-Innovate Africa 2015
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Case Study 3: Developing market preferred canning bean varieties
The Bio-Innovate project on developing market-preferred canning bean varieties involved teams 
of researchers in five countries: Burundi, Ethiopia, Kenya, Rwanda and Tanzania. The project 
consortium focused on bean varieties that are not only good for canning, but also drought tolerant, 
disease resistant and rich in micronutrients. A stakeholder analysis of the project consortium and 
actors revealed success factors and constraints along the bean innovation value chain, which are 
discussed below. The value chain involved a number of actors as shown below.
Figure 4. Canning beans value chain actors
Candidate variety selection and release
Regulatory agenciesSeed producersFarmer and NGOs Agro input dealers
National and Regional Bean Programs ( 
e.g. EIAR, ISABU, KARI, RAB, SARI, 
UoN, PABRA, CIAT, etc)
Traders Consumers
Processing industries
The primary actors in Kenya were the partners who were directly involved in project 
implementation. These included the public sector researchers (Kenya Agricultural and Livestock 
Research Organization (KALRO), University of Nairobi, International Center for Tropical 
Agriculture (CIAT); not-for-profit NGOs (CLUSA NCPB, Catholic Relief Services); private sector 
processing companies (Trufoods Ltd, Kenya); and public extension services (County Department of 
Agriculture in Mwala, Narok and Bomet). Other actors played different role in the value chain, for 
example:
•	 The product market level: processors, consumers (retail and bulk), traders (retail and bulk), 
aggregators (local and exporters), transporters, financial service, farmers, and nutritionists.
•	 The input market level: seed producers (Simlaw Seed Company UniSeed Ltd, and KALRO seed unit, 
farmer groups, and individual farmers), input suppliers, financial services and Kenya Plant Health and 
Inspection Services (KEPHIS).
•	 Research level: breeders, agronomists, socio-economists, seed systems specialists, crop protection 
and nutrition specialists, post-harvest specialists; Pan-African Bean Research Alliance/International 
Center for Tropical Agriculture, farmers, processors and heads of organizations.
•	 Extension level: County departments of agriculture, NGOs, agro-input dealers, processors, 
researchers, seed companies, farmer organizations and farmers.
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•	 Policy and standards: Phytosanitary services and seed regulatory services (KEPHIS; Ministry 
of Agriculture and Livestock); East Africa seed harmonization systems under the East African 
Community, intellectual property office.
•	 Publicity and awareness creation: Print and electronic media organizations and extension service 
providers.
•	 Consumers: Evaluated acceptability of the product in terms of taste, packaging, cooking qualities.
The many actors involved in the bean innovation value chain illustrate the need for an effective 
policy mix to foster innovations, including the need to:
a.   Create demand for local canning bean varieties 
The new locally-bred canning bean varieties are higher-yielding and may offer better products for 
the industry and ultimately for the growing number of local middle class consumers. In addition, 
there is potential to produce the beans throughout the year in different agro-ecological zones, and 
hence maintain a constant market supply. However, production of canning beans is not common 
in eastern Africa. Therefore, demand should be created, first, by creating awareness about and 
interest in the new canning bean varieties. Second, local canning bean varieties need to have a 
certified high quality to enhance their competitiveness and widen links with market actors, such as 
seed companies. Third, giving due attention to affordable bean varieties to farmers. Furthermore, 
recognizing beans in agricultural development strategies, as an important crop alongside maize, may 
attract more public resources for bean research and innovation.
c.   Strengthen links between researchers and local companies 
Local industries have not fully utilized their bean canning capacity due to limited availability of 
quality raw materials. The industry is not sufficiently linked to the local scientists at the universities 
and public research organizations who apparently have developed some of the best canning bean 
varieties worldwide. This divide can be bridged through partnerships between the scientists and 
the industry. These partnerships can be facilitated by policy incentives, e.g. innovation funding, that 
helps scientists to work jointly with industry and also participate in associated policy dialogues.
b.   Reduce institutional bureaucracy to engage with the media and the public on scientific matters 
The media is a powerful dissemination outlet for scientific information to the public. However, 
scientists often have limited skills and knowledge on how to repackage scientific information into 
simplified products for public consumption. The cost of using the media is also high and often not 
included in project budgets. Moreover, most public sector scientists and researchers are restricted 
from engaging with the media; they often need to go through lengthy processes to get authorization 
to speak to the media. Such restrictions have made many scientists scared of being misquoted by 
the media and they have little trust in the media.
In conclusion, the canning bean project actors had a shared vision with the consortium members. 
The links that were created among the project actors along the value chain significantly contributed 
to the success of the project.
Source: Bio-Innovate Africa 2015
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Chapter 8 
Looking to the future
Ivar Virgin, Stockholm Environment Institute
Eastern Africa, steps towards knowledge-based 
bio-economies
The bioscience revolution and the need to reduce dependence on fossil fuels and non-
renewable resources is driving the current push towards knowledge-based bio-economies. 
The rapid advances in biosciences, including biotechnology and genetic engineering, are 
significantly shaping the knowledge-based bio-economy. The new frontiers in biosciences are 
not only revolutionizing medicines and health treatment, but also the ability to develop more 
productive and resource-efficient agricultural systems, with improved tolerance to pests, 
diseases and climate change. Modern bioscience can also greatly assist the transformation of 
inefficient and polluting bio-based industries into modern bio-refineries producing a large array 
of renewable products with close to zero emissions. All this is good news for eastern Africa 
where agriculture and agro-processing dominate the economy but, to a large extent, they still 
operate at a suboptimal level. While the region is experiencing an economic upswing, growth 
is predominantly based on extracting natural resources and large infrastructure projects. The 
region’s economy continues to be dominated by low levels of value-addition in the production 
and processing of natural resources and the production of consumer goods, which are mostly 
for local consumption.
Science, technology and innovation have a crucial role to play in propelling economic growth, 
alleviating poverty and contributing to the region’s SDGs. The United Nations SDG targets 
reflect consideration of a blueprint for global development in the years to come, and Africa’s 
aspiration to become a continent of middle-income nations. The SDGs will frame national 
agendas and policies in the region over the coming decades and also influence the use and 
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production of biomass and bio-resources. This is particularly important given the pressing 
need to improve the profitability and productivity of smallholder farmers in the region.
Smallholders are the major producers of food and agricultural products in eastern Africa. 
To a large extent, however, they are poor, vulnerable and under increasing pressure 
to produce more, better quality food and agricultural products in a sustainable manner. 
Connecting smallholder farmers to markets, value chains and agro-processing opportunities 
is increasingly seen as one of the most important tools for elevating agricultural productivity, 
decreasing poverty and improving rural livelihoods in large parts of Africa. This is considered 
a vital element in the post-2015 development agenda. The challenge is to boost the agro-
processing sector, which currently runs at a suboptimal level and produces large amounts of 
waste, leading to severe environmental problems. Transforming the agro-processing sector 
so that it adds value to primary production and converts waste to valuable products in an 
environmentally-friendly manner will be central to improving agricultural productivity in 
eastern Africa. A more dynamic, resource-efficient agro-processing sector is also important 
for inclusive growth and job creation in the region.
An appealing vision for eastern Africa countries would be to use bio-resources as a strategic 
base for inclusive and sustainable economic growth and for the development of knowledge-
based bio-economies. The latter has significant potential to support several critical SDG goals 
and targets for the region, as well as development targets. These include promotion of:
•	 Increased crop productivity in a sustainable manner, contributing to improved food security.
•	 New and more diverse value-addition chains, improving profitability for smallholder farmers, 
agribusinesses and bio-enterprises.
•	 Environmental sustainability, including addressing climate change. This involves converting 
bio-waste, which is polluting freshwater systems and destroying ecosystems, into useful 
products.
•	 Energy security through replacing non-renewable resources with bio-based renewable 
energy.
•	 Agro-industrial expansion which could, if well planned, regulated and supported, improve 
economic competitiveness and stimulate sustainable economic growth over the long-term.
Linking bioscience with markets
In eastern Africa, public research organizations and universities are central to adopting 
and adapting modern biosciences to meet broader societal needs, including the needs of 
smallholder farming systems and local agro-processing actors. Public organizations need 
to ensure that they have a minimal capacity to be effective in technology transfer and 
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dissemination. They also need to develop policies and structures that reward and foster 
entrepreneurship and innovation. All of this requires government commitment and increased 
investments in strategic R&D and innovation structures.
To a large extent, the R&D sector in eastern Africa is demand-driven and focused on 
producing technologies and knowledge that could be used to transform the region’s 
agricultural sector. The key challenge, however, is that the majority of R&D is undertaken 
without including a business and market perspective. Consequently, R&D investments and 
promising bioscience research outputs seldom move out of the laboratory. The private sector 
in the region is risk-averse, trade-oriented and rarely engages with universities and public 
research organizations in innovation and commercialization. Supporting initiatives that strongly 
link public research organizations, universities and market actors could dramatically improve 
the chances of eastern African farmers, agribusinesses and agro-processors benefitting from 
the rapidly-advancing field of biosciences.
There is increased recognition in the region that building R&D capacity and linking it to the 
private sector is the first step in making bioscience applications available to local markets, 
farmers and agro-processing actors. There is also a need to enable innovation through building 
and incubating emerging businesses, creating market demand and establishing sustainable 
financing mechanisms. Nevertheless, the process of moving bioscience technologies and 
applications from public R&D institutions to the market is complex, thorny and involves 
much more than well-designed and well-executed R&D. This innovation process is also highly 
dependent on policies, institutions, financial and human resources. The key to successful 
innovation and technology dissemination is forging links among key actors at the appropriate 
time in the innovation cycle. These links will differ according to the type of technological 
innovation and the type of markets. In eastern Africa, there is a pressing need to support 
links between the public sector and various market actors. However, linking is not enough—
incubation mechanisms, which support all actors to play complementary roles, are also 
needed. As shown in Asia, and many other parts of the world, professional business incubation 
services can greatly assist innovation actors with technology and market incubation. This 
includes services such as business case development, technology assessment and finding 
sources of finance for scaling-up and commercialization.
Sustaining the momentum
There has been increasing interest in building bioscience capacity in eastern Africa as a way 
of matching the promises of modern biology with local needs. As a result, R&D capacity in 
the region is increasing, both in terms of highly-trained researchers and R&D infrastructure. 
Today, there are more than 10 well-equipped national R&D institutions in the region with the 
capacity to adapt advanced bioscience R&D to local needs and opportunities. There are also a 
number of regional R&D networks in which researchers can collaborate with other scientists 
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and practitioners at local, regional and international level. These networks provide highly 
valuable platforms for interaction between local and international scientists and for access to 
state-of-the-art facilities and technical expertise present in the region (such as the Beca-ILRI 
Hub, icipe, etc.).
Bio-Innovate is one of the most prominent bioscience networks, supporting multi-disciplinary 
biosciences research and product-oriented innovation. So far, Bio-Innovate is the only program 
in the region to take an integrated approach in linking value addition and agro-processing 
with primary agricultural production and environmental management. This approach includes 
harnessing opportunities for converting waste to valuable products, such as bioenergy, bio-
fertilizer, food and feed by-products, and innovation policy analysis to support sustainable 
development at the regional level. Interventions of this nature will be crucial if countries in the 
region are to create sustainable bio-economies.
Regional platforms, such as Bio-Innovate, can foster partnership within academia, between the 
public and private sectors, and also between private sector actors, to provide opportunities 
for regional trade. They are, therefore, important mechanisms to catalyse and help countries 
in the region develop into knowledge-based bio-economies. Bio-Innovate, and its predecessor 
BIO-EARN, are success stories with substantive achievements to their name in scientific 
knowledge, human capacity development and technological products. These, and other 
relevant programs, can be used as stepping stones in the development of new initiatives 
creating even stronger innovation-driven, user-oriented bioscience innovation platforms, which 
promote and incubate new bioscience businesses in the region.
Investing for the future
In this book we have argued for the important economic prospects offered by bioscience 
innovations for developing knowledge-based bio-economies in eastern Africa. We have 
also put the case for supporting innovation systems as a way of transforming bioscience 
technologies into specific innovations of value to farmers, agribusiness and other value-chain 
actors in the region.
To ensure food security and economic growth, governments in eastern Africa will have to 
increase investment in agricultural biosciences and bioprocessing technologies. The region also 
needs models and initiatives that can bridge the gap between science and markets and pave the 
way for new, productive investment both from the private and public sectors, and also from 
donors and social impact investors.
It is now time to take the next step in the design of new bioscience innovation platforms, 
learning from the past and investing in the future. Using the previous chapters in this book as a 
basis, some key guiding principles in the design of such new initiatives are:
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•	 Regional innovation platforms, such as Bio-Innovate, are good mechanisms for enhancing 
South-South-North partnerships and also for strengthening regional cooperation in, and 
capacity building for, bioscience innovations in support of trade and development in the 
region.
•	 Linking R&D and market actors is essential in adopting modern bioscience applications 
to needs and opportunities in the region. A close engagement between R&D and market 
actors in the design of potential initiatives and projects is critical for successful deployment 
of technologies.
•	 Professional business incubation mechanisms, which ensure actors are properly interlinked 
and supported to play complementary roles, are a crucial component in future bioscience 
initiatives. Professional business incubator support, which links actors to the market and 
assists with building bio-businesses, is a necessary, but presently a missing component in the 
region’s emerging bioscience innovation system.
•	 Successful deployment of innovations takes a long time and needs sustained investment and 
long-term government and donor commitment.
•	 New innovation initiatives need to have a robust business and end-user orientation, 
cultivating relationships with key partners capable of delivering innovations to market and 
to attract investment from the private sector and social impact investors.
•	 Governments in the region can promote the development of knowledge-based bio-
economies in many ways, not least by creating an enabling environment for innovation. 
This would include: (i) progressive policies and regulatory frameworks creating incentives 
for market actors making use of bioscience technologies; (ii) certification and standards 
assisting innovation and new technologies; (iii) public procurements creating initial demand; 
and (iv) long-term funding for R&D and innovation structures.
•	 Definition of national priority areas and goals for bioscience research and innovation must 
be linked to long-term visions with bio-economy strategies guiding public, private and 
donor investment in new bioscience innovation initiatives.
•	 Developing funding mechanisms to support the deployment of innovations. Currently, 
investment in, and support for, bioscience innovation remains concentrated in the R&D 
phase of the innovation cycle, with inadequate provision for large-scale pilot tests, 
application and commercialization of technologies or products.
•	 Creative funding models for sharing the cost of bringing technologies and products to 
market need to be explored, tested and supported by governments and other funding 
agencies. This includes mechanisms to bridge funding gaps in the process of moving a 
technology and potential product through the innovation process. Governments, donors, 
private sector or social impact investors and commercial banks would potentially fund 
different parts of this process.
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